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(PROCEEDINGS RESUMED PURSUANT TO ADJOURNMENT) 

MR3¢GENES Th: Mr ¢ Commissioner, 

may I proceed with the evidence in chief of this 
panel? 

MR. SCOTT: L.ythink Mr.. | 
Anthony had something to raise first. 

MR. ANTHONY: I would like, 
if I may, to follow up something with Mr. Genest. 
During the cross-examination of Panel 1, Arctic 
Gas gave an undertaking that the transcripts of the 


April, 1973 meeting would be made available to this 





Inquiry, and yesterday in the evidence before us Dr. 


Clark once again referred to this meeting in April. I | 
was wondering if my friend would be able to have these | 


| 
transcripts available in time that we may cross-examine 


| 

this panel with respect to that very important meeting? 
MR. «GENEST «:.~ I-hope.to 

have these here tomorrow. We don't trust anything 


to the mails any more and I have a party coming up 


on the plane tomorrow and I. should have them for my 





friend at that time. 

MR. ANTHONY: I'm wondering 
if when that party arrives you could deal with one 
other matter, and that was again last week during 
the questioning with respect to Panel 1, Mr. Genest, 
on behalf of Arctic Gas, advised that they had 
received certain environmental information with respect 


to the cross-delta route, and it was this tye omen eas 
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input that allowed them to reconsider the question and 
they will be filing their cross-delta information at 
some time, but I think it would be of assistance to 
this Inquiry if this information, which they now 
have, could be made available at an early date prior | 
to the actual filing of the cross-delta information. 
I wonder if my friend could perhaps obtain that 
information at an early date also? 
MR. GENEST: I'll do my best, | 
Sir. The reason that's sort of a vague answer, Mr. | 
Anthony, perhaps tomorrow morning I can be more | 
definite. I know that we are hoping to get the | 
alignment sheets by the end of this week, and =~ some- | 
body is somewhere at work collecting the reports and 
I should have them about -- let me tell my friend | 
definitely tomorrow morning, if he will give me one 
more day on it. 
MR. ANTHONY: Perhaps to 
Make this clear, I'm not at this stage requesting that 
the full cross-delta information including the align- 
ment sheets be made avai}jable. I'm really directing 
my attention to reports which, according to Arctic 
Gas now, exist, basically the environmental reports. 
MR. GENEST: I understand, 
SLY. 
THE COMMISSIONER: All bane! 
Mr. Genest, carry’ on. 


Mi. GENEST: Thank you; sir. 
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were these responses within the geotechnical area 








Clark,Hollingshead,McRoberts, 
Slusarchuk ,Morgenstern,Cooper, 
Hardy ,Williams 
In Chief 
| 


JOHN IVOR CLARK, 
GARRY WOOD HOLLINGSHEAD, | 
EDWARD CHARLES McROBERTS, 
WILLIAM ALEXANDER SLUSARCHUK, | 
NORBERT REUBEN MORGENSTERN 
RICHARD H. COOPER, 
R.H. HARDY, 
GUY LESLIE WILLIAMS, resumed: | 
DIRECT EXAMINATION BY MR. GENEST (CONTINUED) : 
Q I should like to move 
on now, Dr. Clark, with that section of the evidence 
of this panel which deals with the concerns of the 
Pipeline Assessment Group which were expressed in 
their report which has been filed before this Inqury 


as Exhibit 69, and perhaps it might be useful if I 


recalled at this stage that the applicant was sent a4 | 





number of requests for additional information. The 


} 
i 
' 


responses are filed as Exhibit No. 70, and I understand 
were received or at least that when the Mackenzie | 
Valley Pipeline Assessment was produced, the answers to! 
the requests had not been fully taken into account. 
I'd like to ask you, sir, to deal with these concerns 
as they apply to the geotechnical area. I understand 
that a number of these were expressed in their 
request for supplementary information. Some of these 


were dealt with in your responses, and there are some 





concerns that appear throughout Exhibit 69 which is 


the assessment itself. Let me ask you first generally, 


prepared by members or participated in by members of 
your panel? 
A Yes sir, both members 


of our panel as well as other staff members of N.E.S. 
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Slusarchuk ,Morgenstern,Cooper, | 
Hardy ,Williams 
In Chief 


as well as others. 


Q Now could you identify 
the sections of the Assessment Report which are pre- 
dominantly of a geotechnical nature? 


A Yes sir. The sections 


of the report which relate to Phase 1 of these hearings 


| 
which are predominantly of a geotechnical nature, and 


which have not been covered by Panel 1, are all within 
chapter 8, “The physical environment and engineering." 


Some of these sections within this chapter will be 





dealt with in Phase 2 of these hearings. Now those 
sections which this panel will deal with are 8.1 


chilled pipeline, page 169; 8.2, buried pipeline 





rationale, page 179; 8.5, slope stability and erosion 
susceptibility, page 191; 8.7, river crossings, page 
206; 8.8. pipeline impact “in valleys, -page 215; 8.9, | 
drainage and erosion control, page 224; 8.10, springs 
and icings, page 229. | 
Many of these concerns raised 
in the above sections of the report have been addressed 
in previous responses to the PAG questions. The ques- 


tions which required significant geotechnical input 





avesquestions, 16, 17,' 16, 197, 20, 207 23,24, 26, 28, 
Zo 305mg, 30.795), 2047. Oo, 41,425 Joo and 36. 

Now in the following comments 
we will provide information -- additional information | 
-- where possible, or we'll address concerns not 
contained in the original PAG request for supplementary 


information. 
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Sis avohiuk ,Morgenstern, eee 
Hardy ,Williams 
In Chief 


Now the PAG Report does outline 


several conerns, but they can be basically grouped into 
| 
four areas which in various forms are expressed through- 


out the report. These are No. 1, drainage and erosion 
control; 2, the effect of freezing previously unfrozen. 


ground; 3, river crossings; and No. 4, slope stability, 
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Slusarchuk, Morgenstern, Cooper 
Hardy, Williams -- In chief 
Q These four topics 
that you have named, am I right in assuming that 
they encompass really the main headings of geotechnical 
coneern in building a Northern Pipeline? 
A That is our. assessment, 
Sib, thats theyrdo. 
QO Right, and you are going 


to be addressing each of these in detail? 


A Yes (sin. 
Q Right. Please proceed. 
A Well, we have listed sever 


reports in Appendix "C" to this testimony which 
pertain to these subjects and since submission of 
the testimonies,others have become available and those 


additional reports which are now available will be 


‘provided to the participants in the usual manner. 


Since thse hearings started on the technical aspects, 
Mr. Genest, we have provided you with five additional 
reports. Threeof these you named last Tuesday at the 
opening of the technical hearings and I would like 

to point out that those particular three repo rts 
were completed on the previous Friday and Saturday. 
They were bound on the Saturday and Sunday, they were 
on the aircraft with us on Monday and were on your 
table on Tuesday. The two reports which you submitted 
yesterday actually preceded those three and they were 
in the usual way put in the mail to be available here 
and when I found out for various reasons which have 
been mentioned several times that they didrmwt arrive, 


I immediately obtained copies and on this past weekend 
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— Clark, Hollingshead, McRoberts 
Slusarchuk, Morgenstern, Cooper 
Hardy, Williams -- In Chief | 
lito -- in order that participants could have access 


“Ito them as soon as possible and those were the two that 
oh pete mentioned yesterday. | 
5 0) CAn we move on now, sir, | 
Sito the particular concerns. : 





7lto start with the concerne expressed in Section 8.1 


8 |which is entitled "Chilled Pipeline", covered by 





9 pages 169 to 173. 


10 Now, some of the concerns 





11 | discussed by PAG in this section relate to frost heaving 
around the chilled pipe. 

13 A) the PAg concern, frost 
heaving around pipe buried in permafrost. PAG states 

15 on page 170 that"although the rate of water migration 


in frozen soil is low, it could produce significant 














17 | heave over the long operating life of the pipeline"and | 

18} to make this clear, what we are talking about now is 

19 frost heave in frozen soils. Soils whrh, when the 

20 pipeline is placed in the ground are frozen and | 
| 

21iwhen it goes into operation they are frozen. Our response 

22 1 to this == 

a Q Well, perhaps before we 

23 get into the response so I am sure that we all understand 

25 | I note th&t the PAG have, and I think you agree, I think 

26 | “rat we heard some overview evidence on this that there 

ai is a tendency for water to migrate. 

A There is a tendency for 

oe water to migrate in frozen soils along the lines of the 

=o thermal gradient. 
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Q What causes that? 
What is that? 
+ It is the thermal grad- 
ient. 
Q It is like a slope? 
OnLy ish pis: thermal? 
A Yes, a thermal slope, 
water will run -- 
0) From where to where? 
A It runs from the warmer 
to the colder. 
Q So, that a4 cold. tront- wilt 











attract water in the vicinity? 


A From, ae warmer, anea. 

Q FLOM, aA, WANMEL, area, 

A Yes, sir. 

Q And when it gets to the 


cold front it will freeze and will attract more water? 


A Portions of it will freeze, 
right. 

@) Righty 

A Now, from the studies 


that we have undertaken for the applicant it is our 
view that water migration in permafrost due to opera- 
ting the pipeline at below freezing temperatures 
would not produce significant heave during the life of 
the pipeline. The reasons for this are, number 

one, the termal gradients =o largest adjacent to the 
pipe, but even there the values are only a’ few degrees 


Farenheit per foot. These gradients rapidly become 
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smaller further away from the pipe tending towards the 
value of the geothermal gradient which is about 
2 degrees Farenheit per 100 feet. 
| Number two, the hydraulic con- 
ductivity of permafrost is very low. It ranges from 


9 a5 


approximately 1X10. tor Lo” centimeters per second 





and is lowest in the permafrost around the cold pipe 
where the highest thermal gradients exist. 
In addition, if ice lenses do develop, this will tend 
to further reduce the local hydraulic conductivity. 
Number three, the unfrozen 
water content is lowest in the permafrost around the 
cold pipe where the highest thermal gradients exist. 
Even when some small amounts of moisture are redis- 
tributed from warmer to colder areas within permafrost 
and form ice lenses, this does not mean that heaving 


still will be equal to the amount of moisture moved. 





THE COMMISSIONER: Excuse 
me a moment,Dr. Clark. Everyone seems to be reading 
this. Is that so or -- 

MR. GENEST: Yes, sir, our 
communications seemed to have broken down. I handed 
copies of this to Mr. Waddell. 

THE COMMISSIONER: Well, 
without going into the whole thing, is there an 
extra copy, that is the -=- 

MR. GENEST: I appologise, 
sir, I should have made sure that you -- 

MR, “SCorr: i think that 1 


ie propaply our fault. I will plead guitty to that. 
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Hardy, Williams -- In Chief 
| MR. GENEST: That clears you | 
2 for five weeks. On page 3 of that, sir. | 
3 A The top of page 4. | 
4 oO Or top of page 4 -- 

5 that was a resposte to my friend's -- 

6 | THE COMMISSIONER: ‘To the 

7| Assessment Group's report -- 

8 MR. GENEST: To the Assessment 
: Group's report and that provides an outline of the 


10 testimony of this group. 











ll AndvI.mightjadd,jsiry that we 

12 have also notified the -- my friends at the -- a number 
13 | of the statements contained in this outline of evidence 
14 will be illustrated by slide presentations. -- And we 
eh wid get to these in due course. 
16). THE COMMISSIONER: At appro- | 
17 priate points. | 
18 MR. GENEST: At appropriate | 





19 points. 


20 Drs-pClark,»soothatawecan-—just 
21 get all together, you have given three reasons, at 

22 page three of this summary;why it is your view that 

23 water migration due to operating a pipeline at below 

aa freezing temperatureswill not produce significant | 
25 heave and the first was that the thermal gradients are 
26 largest adjacent to the pipe, but even there the values 
271 are only a few degrees Farenheit per foot. 

28 j A : VES nSii Xs 

e° Q And then you make the 
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further away from the pipe tending towerds the value 
of the geothermal gradient which is about 2°F. per 
100 feet. 

A ges, Sir. 

Q I am sure that is clear 
to scientists, but could you try and explain that 
to my non-scientific mind? 

A Well, this is one of the 


objectives of putting on a slide presentation and 


discussion where we will try and illustrate the features 


that we discuss here, which I apologize, it is not 
possible really to answer a technical question ina 
non-technical manner. We have attempted to make these 
as comprehensible as possible, sir. And I believe 
that these presententations that we will see with 
slides will make a number of thse points quite 


Clearly -- 


The second point was of course 
that the hydralic conductivity is very, very low in 
these frozen soils and the third, where I was discus- 
Sing the unfrozen water content, the unfrozen water 
content is coldest, is lowest in the area of the 


coldest temperatures which is nearest to the pipe and 


Q We are dealing here of 


course with a concern about frozen ground -- 


A Frozen ground. 
Q Frozen ground, 
A Frozen ground is I am 


SULCGA-F 
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Q That is frost -- 
frozen ground -- 
A Yes, but not all the 

















water in frozen ground is frozen reer 

Q Right-- 

A And it is the movement 
of that water that we are discussing -- 

Q Right. 

A Because that is where the 
source of frost heave would come from. 

Now, I had just mentioned that 
even if this water does move and form ice lenses, it 
does not mean that heaving would be equal to the 


amount of moisture moved, because there is some compen- 


sation for that. The zone from which the moisture moved}; 


it -could consolidate because of the suction pressures 
that are required to locally reduce the ‘water content, 
so that the net heave then is generally limited to only 
9% change in volume of the relocated water upon freezing 
Now, because of these factors, 
the amount of heave due to thermal gradient surrounding 
the pipe in permafrost is not expected to exceed about 
an inch or two over the life of the pipeline. Now, 
this is not considered to be a significant problem. It 
should also be noted that because of similar thermal 
gradients around the pipe over say, 100 to 200 foot 
lengths, that there would be little tendency for this 
total heave to contribute i differential heave along 
the pipe. As I mentioned yesterday, it is the differ- 


ential heave that imparts stress to the pipe. 





| 
| 
\ 
| 
| 
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The next PAG concern is 


related to frost heaving around pipe buried in unfrozen | 
ground. PAG states on page 170 chats the potential | 
Magnitude and rate of frost heave under chiliing con- 
ditions ig poorly understood. PAG further states, 

page 171,"no simple, reliable and economically | 
feasible measures are avdalable for eliminating or 
reducing potential problems of Frost heaving aoc0etated) 


iy 


with the buried chilled line. 
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At the same 
time, PAG did recognize that while it was reviewing 


the application, a major study on frost heaving related 
to operating a pipeline at below freezing temperatures 
in unfrozen, frost-susceptible soil was being carried | 
out for the applicant. 

Q Now that major study has_ 
been completed, has it, sir? | 

A We have produced the | 
results derived from that study to date. It is an | 
on-going study. All facilities are still operative. 

THE COMMISSIONER: That is 


the Calgary study? 





A Yes sit, and Dr. Silusar—j 
chuk will be describing this in some greater detail. 

From the results of our | 
major study on frost heave as related to the pipeline, | 
it is clear, at least from an engineering point of 
view, that the potential magnitude in rate of frost 
heaving can be reasonably predicted by rational 
analysis. The study has shown that an increase in 
overburden pressure can Significantly reduce the rate 
of heave. We intend to take advantage of this fact 
by burying the pipe deeper, and where necessary, by 
surcharging the ground surface to increase the load 
on the frost front to reduce the rate of heave. 

Other means of designing to 


control frost heave problems consist of methods such 





as replacing the frost-susceptible soil with non- 


frost-susceptible soil, or reducing the heat flow 
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out of the pipe by insulation. For special situations, 





Such as at river crossings, the concept of dual pipe- | 


lines might be used to advantage by alternating flow. 





It is our position, therefore, that the frost heaving 
of the pipeline is a minimal to rational analysis 


and that reasonable engineering designs for frost 





heaving are available. There are two components of 

total frost heave: 

(1) is due to the natural expansion of the water in 
the pores of the soil that freezes in place. 


(2) the other component is due to water migrating 





into the freezing soil from the surrounding un- 





frozen ground and forming segregated lenses or 
layers of ice. 


There are two general guide- 





lines that we follow which govern the amount of accep- | 
table heave: | 
(1) relates to total heave, and : 
(2) the other to differential heave. | 
Our guideline for total heave 
is that the pipe should not heave such that the top 
of the pipe rises to a level of about one foot below 
the original ground surface. I should make clear here 
this is not a case of the pipe rising through the 
soil, it's a case of the pipe contained in a mass of 
sil rising with the soil. 


Q That's, if I may over- 





simplify that, total heave would be the total pipe- 


line or a very large section -- 
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A It would be a large 
Section. 

Q -- rising all at once. 

A Across the right-of-way. | 

Q Rechts, : 

A Gradually slowly coming 


up at a decreasing rate. 

Q And differential heave 
is when you have one section that stays still, if I 
can call it that, and another section beside it that 


is heaved. 


A tat ' ss rLant. 
Q Producing a -- 
A Producing a relative 


movement. Both might be moving, but one might be 
moving faster, that is what we refer to as differentia 
heave. 

Now the criteria for total 
heave is to ensure that the pipe doesn't block cross- 
drainage or become exposed. Now with respect to 
differential heave, our guideline is that the pipe 
should not heave differentially along its length such 
that the serviceable radius of curwature of the pipe 
is exceeded. Now by way of definition, the radius 
of curvature of the pipe is defined as the reciprocal 
of the radius of the arc of the curve through which 
the pipe is bent. The serviceable radius of curvature 
as used here is the allowable radius of curvature to 


which the pipe can be bent as determined by the 





| 
i 
| 
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mechanical stress analysis group. This work is 
carried out, the mechanical stress analysis in Northern 
Engineering. 

Q Now that's a guideline 
that's given to you. 

A This is a guideline 
that has evolved from our studies and our strees analy-~ 
Sis work and so on. Now aS an example,in general, the 

| 

amount of differential heave over pipeline lengths of 
100 to 150 feet should not exceed about 2 1/2 to four 


feet. Differential heave will be gaome percentage of 





total heave up to a maximum amount of 100%, which is 
virtually an impossible situation for 100% to be | 
differential. But it is reasonable to assume that oe 
actual percentage will be less than this value, 

possibly of the order of 50%. However, . establishing 


fis value, the relationship between differential and | 


total heave, forms part of the engineering work that | 
is currently under way for use in final design. 
Q Now can I stop you 


there again, Dr. Tlark? You say that in general the 





amount of differential heave over pipehine lengths 
of 100 to 150 feet should not exceed about 2 1/2 to 
4 feet. 

Below four feet, the 


pipeline metal, if I can use layman's word, is so 





designed that it can withstand this kind of movement 


or action. 


A Yes. This would keep i 
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‘i En Chiest | 
within the limits established for the serviceable | 

radius of curvature. | 
a Now a specific concern | 
; along the route where differential heave is to be 

3 considered is those points where the pipeline crosses | 
a boundaries between permafrost and adjacent unfrozen | 
4 areas that consist of frost-susceptible soil. We | 
P| have developed techniques to analyze this situation in| 
. detail, and analysis have been done by hand methods. | 
+ Q Could I ask you what | 
of these techniques are, sir? | 
or A They are analysis includ 
de ing the pipe soil inter-action, the amount of heave Peas 
pa occurs in the adjacent soil which is unfrozen, to -- | 
Py compared to what's happening in the frozen later, what 
ie the resistance at the bottom of the pipe would be | 
i For instance, if the soil is securely held in a frozen | 
: soil adjacent to an unfrozen soil, the force required | 
H to lift that pipe into a sharp curve far exceeds the 

- capability of the soil to form ice lenses. Dr. 

d. Slusachuk will be illustrating the concept of shut- | 
ae off pressure so that these very high forces cannot 

ai develop in a localized area because the water will in | 
> 

fy fact be expelled, or the rate of growth will be inhib- 
7 ited to the point where there would not be a sharp 

5 

: change in curvature. | 
sh There is now a computer | 
ms program that's -- we have in house and has been 
e finalized for use in final design. 
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Now to illustrate some of these 
BOLDts cir lewould Jake to call o upon DOr. Slusarchuk | 
to present us with some slides and a more detailed 
discussion of some of these aspects. 

Q Will you proceed, Dr. 
Slusarchuk? Before you start the allustration, it 
might be useful to recall: as I understand it the 
frost heave study was under your direction. Am I 
COXTeCcE? 

WITNESS SLUSARCHUK: Yes, 
that ’Specorrect, sir. 

Q And you really special- 
ized in those aspects of geotechnical engineering. 


A Yes sir, I have cer- 





tainly become more specialized in the las* couple 


of years in this area. 
Q Fine. | 
| 

A I*minot really sure’ if 


I should have something around my neck or not, because! 


| 


| 


I'm going to have to go over here, and then over to 
here. Am I going to be able to be -- 

THE REPORTER: That mike 
doesn't work as a P.A. 

A It is my purpose to 
talk about frost heaving with regard to buried pipe- | 
lines which are operated at below freezing temperature 
in frost-susceptible soil... By "frost-susceptible 
soil" I mean a soil in which segregated lenses of 


ice will develop during freezing by drawing water 


into the freezing zone. 
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from the surrounding unfrozen ground and thereby 
causing the soil and the pipe to heave. Spectusireatly ;| 
I shall discuss the major study on frost heave that 

we have undertaken during the past 1 1/2 to 2 years 

by describing our full-scale field test facility, 

our laboratory buried pipe model tests, and our 
laboratory frost-heave tests on 4-inch diameter, undis- 
turbed soil samples. From these samples we have 
experimentally detexminedytheofrost-heaving icharacter- | 
istics of soil from the field test-site and for 
soils from sites located along the pipeline route. 

I shall present some of the 
results of these studies and show how these results 
can be used to advantange when designing for frost 
heave of a chilled pipeline buried in unfrozen 
ground. The central thesis of our design concept is 
based on the simple fact that the rate ofheave of a 
freezing frost-susceptible soil is significantly 
reduced by hating only nominal increases in loads | 
acting on the freezing front. By "nominal loads" 
I mean loads that are similar to those that would | 
exist or could be caused to exist onthefreezing front 


around our chilled pipeline. Later I shall present | 





specific values for a range of loads to which I now 

refer. May I have the first slide, please? 
This shows the approximate 

position of our pipeline. This is the southern limit 
zone 


of continuous permafrost, and the southern limit of 


the discontinuous permafrost zone. 
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1 The potential for frost heaves 
exists wherever the ground is frozen and the pipeline 
is operated at temperatures below 32 degrees Fahren- 
heit. Our pipeline is operated at temperatures below 
32 degrees Fahrenheit to an area of approximately aor | 
to the 60th Parallel. In the continuous permafrost i 


zone, there is only minor areas of unfrozen ground, 





i 
| 
| 
8 such as under river crossingsfhat we must cross. | 
In the discontinuous zone, | 
however, there is unfrozen ground,not only under the 
river crossing, but under the ordinary ground that 


12 | simply is not frozen naturally. 
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: To evaluate -- it was to 
| evaluate the potential for frost heave along this 
4 route that we undertook our major frost heave study. 
4 CAn I have the next slide, 
5 | please. i 
6 | I should like to discuss | 
7] our studies by first talking about the field test | 
8 | site that we have at Calgary. This shows the | 
? site plan of the Calgary test facility. We have an 
19 equipment building which houses our refrigeration 
sal which keeps our air circulating at approximately 10°F 
12 | through our four buried sections, one located there, 
| one here, another here and the final one here. | 
14 | The control section =- this is a four foot» diameter | 
ade pipe, 40' in length and the top of the pipe is 2 1/2 
16 | feet beneath the nominal ground surface. | 
"| In the deep burial section, | 
18 it is buried an extra three feet deeper than the control 
4 section in order to obtain information on the effect 
20, of deeper burial on the rate of heave of our frozen 
2 zone around the pipe. At the gravel sectionit is 
aa} buried at the same depth as our control sectiorexcept | 
23) at the area immediately under the pipe for a depth | 
24 | of three feet, the frost susceptible soil was removed 
25 | an replaced with non-frost susceptible grave\i, This 
26 | is a traditional method and a remedial method for | 
zai combating frost heaving. 
an Our final section is what 
a) we call the restrain section. It is buried at the 
ey same depth as the control section although we have 
| 
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we can apply various loads to the pipe and hence on to 


the freezing frost around itself in order for us to 





obtain information on how the additional load affects | 
the rate of heave of the pipe. 

The next slide, please. This 
shows the site just after it was leveled and before 
we started to put in the pipes. We leveled the site 
in order for the surface -- in order for the ground 
surface to be level with the water table that was down 
about 6 feet and we also dropped the ground surface 
from 2 to 4 feet in order for us to get closer to the 
water table in order to represent a worse case sit- 


uation. This soil is a clay silt soil. We tested it 





by a standard trill test of frost susceptibility and 
the results showed us that this soil was rated as being 
highly frost susceptible. When I get later in the show | 
and I show you some of the slides of our model box | 
where we tee the frost susceptible soil, you will 
actually see the ice lenses that developed in this soil 


clearly showing that the soil there was in deed very 


frost susceptible. 


Next slide, please. This 
is simply a slide showing our ditcher diggin our 
trench and putting our back fill material up here, or 
the spoil material up there. 

Next slide. This shows a trench 
that is 6 1/2 feet deep. The water table at this 
time, this was in November, was around 6 1/2 feet. You 


can see that water is starting to slick up on the oe 
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This shows you what a section of our buried pipeline 
looks like. It is four feet in diameter and 40 

feet in length. The cold air from the refrigeration 
equipment "Came “into this 26" "inner duct went"along—“in- 
Side the pipeline, got deflected at the ends, came 
back along this anulus' and then back to the refrig- 
eration system. 

This shows you -- just 
shows you the operation, just putting the pipe in 
the ditch and simply blading back some of the back 
fill material. 

I ‘put *tits -slide¥in~ to show 
you just how the back fill material does slide 
around the pipe to get around below it. 

I would now like to show you 
what each buried pipe section looked like in cross - 
section. This is a control section. This is a 
4 fout diameter pipe buried in the ditch. The top of 
the pipe is 2 Y2 beneath the nominal ground surface. 
This is the spoil that we removed from the ditch and 
simply back filled and mounded |. over top. 

This is a gravel section, 
again our 4 footdiameter pipe, the top of the pipe 
being 2 1/2 feet beneath the ground surface, the 
3 foot section immediately beneath the pipe was 
replaced with the non-frost susceptible gravel soil. 

This is our deep burial sec- 
ELON, Our Lour Loot diameter pipe and in this case 
the top of the pipe was 5 1/2 feet beneath the 


nominal ground surface. 
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This is our restrain section. 
It was buried the same depth as our control section, 
but in order for us to have a mechanism by which 
we could apply a load onto the pipe and hence on to 
the freezing frost front as it developed, we had to 
place in piles as reaction members, put a collar onto 
the pipe and a restraining arm across-- a restraining 
frame across here such that if we put jacks in this 
position we could then put a load onto the pipe. 

Next slide, please. 

This shows a slide of the restraining section as it 
was going in and these are the collars to which I refer. 
We then had a restraining frame put up and we had 
piles along the side to which we could hold it down. 
NOw, it is important to note that the jacks were such 
that we cou put a specific load on that we desired 
and the pipe could heave or move as it wished at that 
over burden pressure. The jacks could travel and 
simply maintain their load. It is quite different 
from ordinary jacks where you just turn off the 
hydraulic system and the jacks do not move. --And 

the pressure just becomes greater and greater. In 
this case the jacks were such that you maintain the 
pressure that you wanted and the jacks would travel if 
the pipe wanted to meve. 

Next slide please. I would 
now like to describe some of the instrumentation that 
we had around the different test sections. We are 
looking in plan view, we are looking down on top 


of the pipe. This is the pipe in the ground, this 
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Hardy, Williams, -- in Chief 
dash line. Across the centre line of the pipe we 
have a series of thermistor strings or inother words, 
methods by which we can determine the temperature of 
the ground at certain points and I will show you in 
cross-section what each of tlesse instrumentations looked 


like around the pipes 


Q Could we have the 
spelling of that word, -- thermistors. 

A Thermistor, right there, 
Sirs 

QO LA 8 GA SSP RE RS a a OB Se 

A Yes, sir. 

Q Not like thermisses. 

A NO ves Ley 

Q Nop EUgite. 

A At any rate, across the 


centre line of the pipe we measure the temperatures 
around the pipe in order to determine where the 
position of the ‘freezing front is. 

At these locations we 
have placed pull water pressure piezometers. These 
albw us to measure the pressure of the water around 
the soil, that is around the freezing frost bulb. 
If upon freezing the soil wants to heave, water must 
be drawn into the freezing frost front. For water 
to move it requires a pressure gradient and the 
reason that we put these piezometers in there was 
in order to measure the Ane eerene pressures of the 
water at different positions around the frost bulb. 


QO Now, Doctor, a 
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piezometer is -- I know it is shown on the bottom 











scale there, but is it P.I.E.%. -- 

A -OrMGE AWE: Ro yoyes; 
sir. 

Q Thank you. 

A didnot really plan 
examining you on this later, sir. 

Q We were also interested 
in the heave of the pipe itself of course, that being 


a central issue here and in order for us to measure 


the heave of the pipe we attached three l-inch diameter 


steel rods at these locations. So that # the pipe 
heaved we could run elevations at different times to 
these rods and thereby determine how much the pipe 


unas heaved over that period of time. 


We also wanted to obtain the 


heave profile of the ground surface across the freezing 


Pipeline. In otder to do that, we put in heave gauges 


and perhaps I should explain just slightly what mean 
by a heave gauge. It is simply a round,thin disc 
that we place at a certain depth in the ground and 
we have a metal rod attached to it that rises up 
above the ground so that if the -- if there is any 
heave beneath that disc, it moves up the platen and 
the rod and we can determine how much the heave is 
by simply taking elevation at the surface. 


In order to measure the 


heave profile across the pipeline, we put in heave 


gauges at these locations. Now, besides that we wanted 


to know what was happening within the frozen bulb of 
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soil itself from a heave point of view so we also 
dispersed our heave gauges atidifferent depths around 
the pipe and at different distances away from the pipe 
and I will show you these in cross-section in a minute. 
We placed our heave gauges around, around the freezing 
zone or where we thought the soil was going to freeze, 
so that we could in fact get a heave profile of the 
ground itsdf at any depth. 

Next slide. This shows you 
in cross-section where we located the different 
heave gauges. The heave gauges to give us the heave 
profile of the surface were located approximately a 
half a foot beheath the original ground surface and 
the other heave gauges were located at different 
places according to where we thought the frost bulb 
was going to progress and I would like to just 
draw your attention to the fact that each one of these 
heave gauges has in fact a steel rod rising to the 
surface to which we run an elevation in order to 
determine how much it has moved. 

Next slide, please. 
This shows you the locatinn of our pore water pressure 


piezometers. The frost front starts to move around 








the “pipe like that and we were interested in determin = 


ing the pressure of the water at those locations. 

This shows you our thermistor 
strings. This is what we call a a thermistor string 
and it consists of several thermistors Se een one 


of these points we are able to measure a temperature. 


WE have approximately 50 thermistors in each cross- 





a 

















L Sqig sad mark y ‘bo 

.ottaim & ak ahisieakina! mk bans voy a dupe 
| pabsess? cr a , 
. ,854977 of wi see ee : 
| efd 26 ol ftorw svaed 5 Jap S08? ni Biveo seat | 
) Asqeb you 36 2Sast fase | 
yoy awote eidT <ebtle txom | \e 
JupyveIIth elt Ragesol ow suertw noksoeacaaexs al |] 
oveer edt au sviy od espuep svesd edt -29nteR syssd 
6 viedaomixowggs betsool atew 962a0R “ Ro. sliiow 

Oks Aobtzue. Savor isaiviae st dteeded 300% #2 Und 
ipetetith 16 baganol orsw wopeAp eveed sodio edd 4) et 
aivd teo® es Idptod> se otedw oF eti brooes, peoni¢g ; 
Jaut oc atth bivow JT Sas easagoug oF palop 25w at 
sea) Io sag fous dens Jnoed, ody oft Heasaaass) oxwoy xb , bal 
od3 @2 paiecat how feeds 5) ¢9n3 ne Goan i a aca i. \e 
o2 ‘pebuo. ai ncidevels ms nes bieareali a tii 
vhevom 2sd Jt doum wor 

+eeeo.¢ ,ehile 2xaH 

STUeESTT wotew St°g wo ts nicionct steer capad nT 
bryos sven ot stsde Pearse vermsonnant || 
+ atoregeh ni Sesaotetabe: 
senokdeool vt ns 
wolatimiens awe woy awnde +H 


+t 


| 
aA 






eae A A —— 





2ace 


ALLWEST REPORTING L-TD. 


BURNABY 2. B.C. Clark, Hollingshead, McRoberts 


= 

















Slusarchuk, Morgenstern, Cooper 
Hardy, Williams, -- In Chief 


section and by means of those thermistors we are 


able to determine where the freezing front is. 
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l In Chief 
y WITNESS SLUSARCHUK: ‘This 
; shows us the ground that was frozen around the pipe 
; on June 3, 1974, 75 days after we started the pipe. | 
i Along here we have the depth beneath the ground Sees 
ms in feet, and across here we have the horizontal scale 
| in feet going each way from the centre line of the 
; Pipe. All of this soil was frozen in here, at June 
3rd. There was some naturally frozen soil in Calgary | 
: away from the influence of the pipe at that time, that 
’ is why the frozen ZOne€ tapers out in a fashion like 
i that. If I had a slide of the position of the frost bulb 
x in July or August, for example, it would look epson 
4 like this. It would be down a little bit lower -- | 
Q From the top? | 
15 | 
ve A -- it would be down a 
e little bit lower here because the warm summer temper- 
“A atures had thawed it down a little bit farther. It 
an would continue to freeze and therefore it would be 
e down a little bit farther like that. 
“sh Q You're indicating that 
Ae it would go lower, below the pipe? | 
ar A Lower below the pipe. 
a Q And lower above the ees 
et A And lower above the pipe 
al yes sir. Can) Ihave, this one, 2f2you" ll: go back a bit. 
tgs Along here, along this 2xiS we plotted the depth of | 
He the frost below the top of the berm, this is the | 
29 top of the ground above the centre of the pipe. You 


can see it is up here and it's about approximately a 
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SOOULVandgra nalt high. Thissis the original. ground 


surface, the nominal ground surface that I'm talking 


about. Just to be clear, that is approximately the 
top of the berm, and that is the ground surface that | 
I am referring to. The pipe is down 2 1/2 feet deeper, | 
4-foot diameter pipe, and this zone is the unfrozen 
zone directly under the pipe. 

Now along here we have time 
and it's blocked out in months here. We atarted the 
test on March 20, 1974, and along here we have it 
in days. Now this dash line is the observed position 


Gtethe Erost.tront around the control section. This 





dotted line in the observed position around the 
restrain section. This solid line here is our 

predated position of the frost front as assumed 
by geothermal analysis. | 

Q That's yow computer 
program? 

A That's our computer 
program where we account for the amount of water that 
has moved into the frozen ground zone by our 
predicted rate of heave. If we ignore the amout of 
water that was moving into the frost front due to ice lenses 
we would hope and predict on our / production 
model with our computer program something like that. 
| 


Above the surface, again the dash line is the position! 


i 


of the frost front. Over the string section the 





dash line is over the control section, and this is our 


predicted position. Our conclusions from this is that 
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we can reasonably predict the position of the frost bulb 
around the buried pipe. 

This shows some of the heave | 
data that we have obtained to the end of October. This : 
is heave of the pipe in feet. This is one foot of heave| 
so half a foot of heave would be somewhere about here. 
Along here again we have -- 


Q Dr. Slusarchuk, I can’t 


read, maybe my eyes as well as my ears arebadwhat is 


the scale on the left-hand side? 





A From here to here is 
one foot. 
Q That's the whole line is - 
one foot? | 
A The whole line is one ! 


foot.This is one foot up to here, so this is 4/10ths 
of a foot, 8/l1l0ths of a foot, and one foot. Along here 
we have time blocked off in months, and also in days 
from March 20th. You can see that the control section 
started to heave along a line such as that, and you | 
can see that it's tending to curve over somewhat as 
the frost bulb is increasing in depth, the load on 

the heaving lenses at the bottom of this frost bulb 

is becoming greater, and the heave rate is becoming 
smaller. This line here shows a deep burial, the 
heave of our deep burial section. This solidline is 
the _ heave of our gravel section, and this line here 
is the line of our restrain section. Now our 

restrain section started to heave along the rate such 


as that, and it is at this point that we added a load 
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to it. The load at this point was equivalent to adding 


three feet of additional overburden pressure. You can 


see that the general rate of heave decreased from there | 


to approximately there. At this point in time we put 
On another load which increased the load by approxi- 
mately another nine. feet of,soil ;orsnine feet .of ,over- 
hurden pressure, and it turned over to a rate of 
heave like that. 

This shows that in fact as 
the load on the frost front is increasing the rate of 
heave of the pipe is decreasing. May I have the 
next slide, please? 

This slide shows the 
predicted and observed pipe heave at the control 
section, and the control section is the section that 
heaved the greatest. Again this is heave in feet. 
This is the observed heave that is simply transposed 
from that block over there, and this is our predicted 
position. From an engineering point of view, we think 
that is quite in agreement and our conclusions from 
this is that we can reasonably predict the rate of 
heave of a - pipeline in frost~susceptible 
ground. Next slide, please. 

I would now like to shift to 
the second phase of our frost-heave study, and this 
is the laboratory phase on the 4-inch diameter sample 
that we obtained from the frost-heave test-site at 
Calgary, and also from sites along the pipeline route. 


We are running these tests in order for us to get 
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2 = tovobtainvthe® frost heave: ‘characteristics ‘of soil 
a Samples at different overburden pressures. This is oe 
4 test apparatus with a acrylic plastic tube encased in | 
5 another acrylic plastic tube, and that is simply for | 
é us to minimize the radial heat loss when we freeze our | 
= sample. This is our soil sample in here. It is four | 
8 inches in diameter and approximately four inches in | 
5 length. We apply a pressure to the soil by means of 
10 | this piston arrangement in here, so that we can put | 
11, a desired load on the soil. If we start -- when we | 
12} start to freeze the soil and it wants to heave at 
4 that overburden pressure, it simply pushes the piston | 
14 up and we measure the amount of heave by having a diode | 
15 gauge attached to the rod that is attached to the | 
16 piston, and we therefore know how much heave is taking | 
Ly place within the sample. | 
18 In order for us to have un- 
19 limited access of water to the soil sample, and this 
20 of course is a very conservative feature of our test, 
21 we have(although you can't see it here) but we have 
22 a water supply right behind here in a burrette so that 
23 we can actually not only supply the water but measure 
it | the amount of water that is drawn into the soil upon 
25 | freezing, when it grows ice lenses or in some cases 
26 water is expelled from it upon freezing when ice | 
27 lenses are not formed. At any rate, the water table i 
2o | by means of these tubes is set in through, through the 
29 piston and made available to the sample here. | 


30 We freeze our sample by 
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\ 
| 


having a sample on a freezing plate which we keep at 


approximately 30 degrees Fahrenheit in order for us 


to keep the thermal gradient into the sample, close to 


the thermal gradient 


front around our pipeline situation, we are trying to 
model as closely as possible all the aspects of the 


frost-heaving situation as it relates to our buried 


pipeline. 


we have around -- at the freezing | 
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The freezing -- the freezing 
2 
temperature is maintained by simply circulating cold 
3 
fluid through these tubes. This shows the results of | 
4 | : 
a sample after we ran our frost heave test, it is soil 
5 5 
from the Calgary field test-site, it was tested ata 
6 
pressure of approximately 500 pounds per square foot, 
7 
and at the Calgary test-site this would be equivalent 
8 
to the load at about five feet beneath the ground | 








surface. As you can see, a lot of water must have bee 
drawn into the frost front, and we measured what that 
was, and ice lenses were growing and in fact this is 
heaving at approximately at a rate of about two inches 
per month. | 

This is a sample from about | 
two or three inches down below from the previous | 
sample. We tested this at 2,000 pounds per square foot, 
in other words, about four times the pressure of the | 
other one, and you can see that no ice lenses grew 
during this test, and our results from the water that 
we measured going in or being expelled from the sample | 
actually indicated that as well. 

Q That, Dr. Slusarchuk, 
was equivalent to how much burial or overburden? 

A It depends on where the 
water table is, but somewhere in the order of 20 to 
40 feet. 


This is a sample of soil that 


we obtained -- I apologize for the picture being out 





of focus -- but it was a sample taken from along the 


pipeline route. It was a fairly fine-grained material 
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as you can see, and it was tested at 2,000 pounds per 
square foot and again yw can see that there were no 
ice lenses developing. | 

This is from another test-site' 
along -- from along the field, from the field pipeline 


route, and again you can see that no ice lenses were | 


developing, but in this case the pressure on the soil 





it is from a terrain type that is a delpaque type of 
deposit and it had more coarser grained material in 
it than the previous sample. 


What does that visual picture 





; | 
was only 500 pounds per square foot. The reason that 
tel Peaiosrt we. tryato put it down into Sort of Ja | 
schematic engineering terms? Well, if we have the | 
lensing heave rate increasing in this direction, and 


the load increasing in that direction, it shows us 





that at the low overburden pressures you get a higher | 
heave rate, and as you increase the overburden pressure 
the heave rate comes lower and lower, until you come 

to a point which we call the shut-off pressure, the 
load at this point is called a shut-off pressure, 


where upon freezing, water is not drawn into the 


it's not expelled either. It's right at that one 


| 
sample to grow ice lenses, and at the same instant 
point. Could you go back a slide, please? 


Q Does that mean, Dr. 





Slusarchuk ., that at a certain amount of pressure there 


is no more heave? 





A No more heave, sir -- 

















Stiuyae: toliipnd aie a ‘ 
oni teqia cals odf mox3 yb 
eiew ackiiel- esi Bp site ~~. 
| fioe edt? ae a ed 
tarkt towne: ott oe 


) 
. 


| 

| ess oe 

| owizig [evaly send 608 sadW “s ee 
6 To sxr0e Otnt awok 32 Juq oft yas ow 24 ay tied! 
edt saved aw 2i , [few Cemzos part ssenipas. 
bone .norgoexbb wide ni sniepoxont oie me 
ui swore Yi ,noitrewsh Sena ai pales 
torip ca 5 9p HOY aotGeesta sealant “wot 


a. ay 








‘vRaStq nobsudisvoe af} oesexoa!l voy on 
euiod voy Iisny ,zowet bos xewol eemom S962 o¥se 
ofJ ,eIvacesq Vio-syvile eds {leo sw Dial tad > 
yeiveesiq tio-4jwie s pollen si $5 
edd ofnd cwstb Goes te 
tnsdent onse ma 


nis Bed S 
ion 


ALLWEST REPORTING tebri8)s 


eee 


13S) 











phan eae Clark ,Hollingshead,McRoberts 
Slusarchuk ,Morgenstern,Cooper, 
Hardy ,Williams 
In Chief 
Q Water being sucked in? 
A Due to water being 


sucked in. 
Q Rignt. 


A This is some of the 


data of our four-inch diameter frost heave test. This 


is from the Calgary test-site from all of the sections 
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, 





at a depth of six to ten feet. That is the area just 


beneath the frost front, just beneath the bottom of the 


pipe. 


THE COMMISSIONER: Well, carry 


on, I think we can hear you. 

A Now along this access 
we have what is called the effective stress °¥ the 
load that is actually on the soil particles or the 
grain particles, or just in general terms the load 
on the frost front in pounds per square foot. Then 
you will recall that I talked about numbers 
such as 500 pounds per square foot and 2,000 pounds 
per square foot. Along here we have the net change 
in sample pour water volumes in cubic inches. That 
is not of much interest to you, of course, with 
regards to the numbers at this stage. In the next 
Slide I'll show you something that will be of more 
interest to you, but what it does show you or what 
it does tell us.is that at any pointthat is plotted 
above this zero axis means, above the zero 
point here, means that upon Ereezing,water. it 
was drawn into the frozen soil and discreet ice 


lenses were grown. These points plotted beneath the 
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zero point meant that water was not drawn to the frost 


front upon freezing. In fact it was expelled away from 


it. This would be the water that was naturally inside 


the soil pores themselves. 


Now, what this shows then and 


is similar to that slide over there in the schematic 
presentation, is . aS you increase the overburden 
pressure the amount of water that is drawn in or the 
tendency for the soil to draw water into the freezing 


front upon freezing is reduced. O.K., you can get a 


teel, for that. 


Now this is the same 
down here, effective stress or just simply the load 
on ne frost front, in pounds per square foot as 
previously, and here we have the lensing heave rate 
in inches per month and again what this shows is 
that the rate of heave decreases as the load on the 
frost front increases. This is a take-off, this 

line here schematically is representing that. 

I'd now like to talk about 
the final experimental phase of our study. This is 
the model box or the profile, what we call our model 
box, our buried pipeline model box test. This is the 
model box here, the soil about a ton and a half of 
soil that we obtained from the Calgary field test- 
Site. This is our model pipeline in here. This is 
the end of it, it is three inches in diameter, and 
it's three feet long. It Aids along the whole length 
there. In order for us to look into the pipeline and 


into the cross-section, as if we were just cutting 
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In Chief 
1 the ground in hali, we put a one-inch acrylic plastic 
2 plate on the front so that we could look into see 
3 | the position of our pipe and see the position of our | 
4 frost front. Although it's not shown here because the 
5 picture doesn't include it, down at the bottom we nee 
6 | a two-inch layer of sand that is fully saturated and | 
7 we have a channel all around this sand that is -- so | 
8 that the sand is attached to water, and the water Pes 
9 is connected to a water table that is equal to the | 
10 top of the soil, and that container is in the background 
a2 here. You can barely see it back there. | 
12 You can see this is the first 
13 test that we ran, and that we didn't keep it flooded at 
14 the surface. Can I have the next slide, please? | 
15 All subsequent tests, we did | 
16 keep the surface flooded so that even though there : 
17 was unlimited water supply available to the freezing frost 
18 front from below, as in the first one there also was | 
19 an unlimited supply of water for heaving from the 
20 surface. This certainly is a worse case sort of a 
21 situation. 
22 We are now looking perpen- 
23 Gicularectc.ournvacrylic plastic plate looking right 
24 into the pipeline which is here, the soil which is 
25 across here, and the water which is flooded across 
26 here. This is the second cycle or the start of the 
27 second test. The first test we started, the pipeline | 
28 was initially in this position here. 
a0 Q Shown by the black 


30 circle there? 
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_bit perplexed about this, we were wondering just why 
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A Yes sir, shown by the 
solid black circle. Now the point that I would like 
to make here is that when we tried to put in the 
BOLL, this ton and a half of soil, we couldn't compact | 
it to the same density and the structure that was | 
equivalent to the field test-site, although this is 


what we were attempting to do, and what happened, as 


it started to freeze in the first instance and the 
frost bulb grew around it, ice lenses grew but the 


pipe was not really moving, and we were a little 


that was happening, and the reason was that it was 


consolidating the soil directly underneath it, and 





what this indicates then is that if you have a loosely | 
consolidated or a poorly consolidated soil, such a 
soil for example, if you're going under a river 
crossing or shallow bay or something like that, you 
start to operate your pipe and you may grow ice 
lenses but the pipe itself will not move that much, 
ae reason being that it is consolidating the soil 
itself, it is drawing water out from the soil 
immediately in front of it, consolidating the soil, 


and that consolidation is compensating for a lot of 





the heave, and the result is, and it's clearly shown 
here, when we thawed the whole thing out, the pipe 

in fact did settle down and the ground surface settled 
down too, because this area of the soil was more | 


| 
consolidated. So we feel that this is a very beneficial 





effect. 
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i'd now like to show how the | 
frost bulb grew at different times in this second 
cycle. Could I have the next slide, please? 

In this -- at the start of 
the test the pipe was initially at this dashed line, 
40 hours later the pipe has moved up to about here, 
and youqn see that the frost front is around here. 
If you were as close as I am, you could see that 
there are all kinds of ice lenses growing all around | 
the pipe in the frozen zone. I'd like to draw your 
attention to the fact that the load on the frost 


front is extremely small, only equivalent to maybe 





less than 100 pounds per square foot, so that if you 
recall the rate of heat curve versus overburden pressure 
you're on the very highest point of that curve. | 
This shows the position of the 
frost front, the amount of heave and so on, after the 
test was running for about 30 days. You can recall 
that the pipe was initially in this position. It's 
moved up approximately three inches. This is the posi- 
tion of the 32-degree isotherm or the freezing 
front, and you can see all the ice lenses that have 


been developing in that -- during that test. 
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show thatthe rate of heave is significantly reduced 
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I would just like to draw 
your attention to the fact that there is very small 
over burden pressure on here. The next slide shows 
you the same test but with an overburden pressure 
applied to the pipe. We had a piston arrangment, 
two pistons at the surface by which we could apply | 
a load to the pipe and in fact put a surcharge on the 


pipe so that the load came down on the pipe and was 





distributed in an area more or less like this, there 
was no load placed on that soil up in there and you 
can see the significant difference in the ice lensing 
Characteristice in the soil in this particular 

area compared to what is in this area or compared to the | 
previous slide. | 

I should like to summarize 

the information that I have presented to this point 
by saying that the results from the field test site, the 


model box and the laboratory field heave tests clearly | 





as the load on the frost front increases. It was shown 





that at loads greater than the shut off pressure, 
soil does not draw water into the freezing zone, but in 
fact some of the local water is expelled away from the 
freezing front. | | 
The consequence of this is that 
no lensing frost heavewill occur at over burden presaures 
greater than the shut off pressure due to water being 


. . | 
drawn into the freezing zone. 


| 
I should now like to illus- 


trate by means of an example how we use this information 
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ALLWEST REPORTING LID. Clark, Hollingshead, McRoberts 
aaiae a c Slusarchuk, Morgenstern, Cooper / 
Hardy, Williams -- In chief 
1| in determining the amount of frost heave of a pipe and 
< how we can reduce the amount of -- how we can reduce 
3 this amount of heave if it is considered to be exces- | 
4 | sive. | 
: Let us take, for our example, | 
e] or I am taking for my example, a four-foot diameter 
7| pipe buried in unfrozen soil that is highly frost 
ey susceptible at the field test facility in Calgary. 
3 The pipe is operated at a temperature of about 
10 10°F with the bottom of the pipe being located at a 
11 depth of about 8 to 10 feet beneath the ground | 
12 surface, 
13) In order to consider a worse 
44 case situation it is assumed that the water table is | 
aa at the ground surface so that the supply of water to | 
a8 | the freezing zone is unlimited and that the bouyant 2 Pisce 
17 | of the water minimizes the load exerted on the frost | 
y front. | 
o We make use of our geothermal 
40 analysis in order to predict the depth of the frost 
oe front beneath the bottom of the pipe as a function of 
a4 time in years after the pipe , after start up. For 
me example, this is after about ten years, the depth of 
ag the frost front beneath the pipe would be about 25 feet 
23 beneath the bottom of the pipe and if the pipe was 8 to 
26 | 10 feet beneath the ground surface, this means that the 
23 frost front is now around 35 feet beneath the ground | 
ma ‘surface and indeed a significant load against which the | 


| 
| 
ice lenses must act against. 


ONce we know the position of tha 
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Clark, Hollingshead, McRoberts 
Slusarchuk, Morganstern, Cooper 
Hardy, Williams -- In Chef | 
frost ftont, we can calculate the load that is in the 
frost bulb, because the ice lenses have to lift up the 
whole frost bulb and we therefore then have a load 

as a function of time on the frost front. We know 

the heaving characteristics of the soil and as I mentiont 
ed, for this example, it is”a highly frost fsusceptible | 
soil that I am takng for my example,similar to that at 
the Calgary test site. We know the load, the 


time relationship, we know the heave pressure calculated 


on the -- the heave load characteristice and you can 





therefore predict a heave. 

May I have the next slide, 
please. You can see here of course that the curve 
-- the frost front does penetrate a lot faster in the 
earlier years than it does in the later years. 


| 


This is a heave curve then and. 

| 

this is the heave of the pipe in the ground surface in | 
feet. Okay, this is one foot, two foot, two feet and | 
six feet. Along here we have time in years. In | 
this case we would predict that the total heave would bé 
somewheres around six feet. Of that six feet this | 
portinn of the heave would be due to the water that 


was sucked or drawn or migrated into the frozen zone 


from the adjacent unfrozen soil. This portion of the 





heave -- 
Q The fixsst portion ;) Drm. 
Slusarchuk, was about -- accounted for how many, 
four and a half feet? | 
A Yes / ‘str p closer to 


five feet, I would guess, a little over five feet. 
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Hardy, Williams -- In Chief 

Q And that is due to water 
migration? 

A Yes, sir. 


Q Right. 

A Now, this portion of 
the heave is due to the natural expansion of water 
upon freezing. 

Could I have the next slide, 
please. Now this is a same sort of a slide with the 


heave of the pipe and the ground surface in shape 


exactly the same scale and time I believe is exactly the| 


same time scale. This is the same curve that I showed 
you before, the top curve, the total heave curve. 
At that time as I was saying we were assuming worst 
conditions and that the water table was at the 
ground surface. 

If for example, we had buried 
the pipe an extra five feet deeper, put it down to 
13 to 15 feet, for example, although it is not 
shown on here and labeled as such, the heave would 
have been reduced to a line such like that. That is 
still considering the water table at the ground 


surface. 


Q With some pressure on it. 


A No, ‘Sir, -at this’ time I ha 


not got to that stage. Just deeper burial. We just 


buried the pipe deeper and we reduced the heave from say 


about six feet to four feet by burying the pipe deeper. 
Q How many feet deeper? 


A About five feet, sir. 


| 
| 


| 





| 
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Hardy, Williams -- In chef | 


About five feet deeper. Now, if we considered this 


-- this heave excessive for example and we did not want | 


to bury it deeper -- we could put two and a half feet 


of surcharge at the ground surface, still assuming that 
the water table is at the ground surface and again 

we would follow a heave curve something like that. | 
In other words our two feet of surcharge would have 
effectively reduced our rate of heave from about 

six féet to a little bit under four feet. If we wouid 
have added five feet of surcharge under the same con- 
dition we would have reduced our heave to approximately 


two feet. 





Now, in all of thes? cases, 
it has been assumed that the water table has been at the 
ground surface or in fact above the ground surface if | 
you had a ponded area and remained there for the whole | 
year, for the whole year through. Now -- 

Q Would that be a worst 
case, Dr. Slusarchuk? 


A Yes, this is a worsecase 


situation. Now, we know that though in a lot of cases 





the water table does not stay at the ground surface all 
year round. It drops down, say in the winter, for 
example, and in other areas such as on slopes, for | 
example, the water table will not be at the ground 
suface. If for example, the water table was at 
about five feet below the ground surface, without any | 
surcharge or without any deeper burial, just by having | 
the water table removed from the ground surface to 


five feet below the ground surface, we would have been on 


| 
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Hardy, Williams, -- In Chief 
: a curved line such as that. 
a Now, tlese graphs show us that 
’ most of the heave occurs within the first few years of 
: operation. It is also clear that heave in the order of | 
) a foot or two requires a year or two to develop, even | 
| under worse conditions. Consequently if py monitoring | 
7 areas are identified as heaving at an excessive rate, 
oH there is ample time to implement remedial measures so | 
e that these measures can be carried out at the most | 
a4 | suitable times. 
mae In summary I should like to 
12 state that the results of kEhese studies have led 
a us to the conclusion that we have a rational method | 
1 for assessing the potential for frost heaving along | 
alt the route and for predicting the heave of the pipe and 
a ground surface. If our predictions indicate that excessi- 
17 | ; | 
ve heave may take place, then preventative measures such | 
= as deeper burial or a surcharging the ground above | 
da the frozen zone of soil will be an economical and | 
20 | effective means of keeping the amount of heave within | 
" acceptable limits. The key reports upon which we | 
| rely are the two reports published by Northern Engin- | 
- eering entitled "Frost Effect NS Cogley ie May 1974 
eed aribverhe results from frost effect study dated March | 
25 | LORS aliihaniweyou Steir ; | 
” THE COMMISSIONER: Thank you | 
27 very much, Dr. Slusarchuk. | 
ad MR. GENEST: Would this be a | 
- convenient time for the break. | 
ental THE COMMISSIONER: WE will take| 
: a break for coffee. 





(PROCEEDINGS ADJOURNED) 
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Hardy ,Williams 
i In Chief 

: (PROCEEDINGS RESUMED PURSUANT TO ADJOURNMENT) 

4 MER, UGENNOL 4) Sir, Le 2 could 

3, address a question to this presention by Dr. Slusarchuk. 

4 to Dr. Morgenstern, who has experience in this particular 

> field of endeavor at large, do you have any comments | 
é | to make, Dr. Morgenstern, in connection with the tests | 

7 and the results that were obtained by the tests as 

B described by Dr. Slusarchuk? | 
2. WITNESS MORGENSTERN: Yes, 

LO I'd first like to comment that the pipeline application) 
a Assessment Group were entirely correct with the informar 
alt tion that I think they had available to them to draw | 
oy attention to this problem, and that the ability to 

| predict magnitude and rates of frost have, certainly at, 
+? | the time that they were working, was relatively poorly | 
al understood. Indeed, I drew attention to this in 
a” a State of the Art paper myself at the last Inter- | 
13) national Permafrost Conference a few years ago. | 
+ | However, the central physical 
= idea that the method just described relies on is that | 
oe the increase of overburden pressure can be utilized 
a to control the magnitude and the rate of frost heave. | 
a This particular feature has been known for some time. 
a The early researchers in the area of frost heave 
ar mechanics were aware of the phenomenon. However, it 
a lay rather neglected in the literature because most of | 
. 
sid the, concern in practice regarding frost heave has to | 
" ‘ 
a do with roads where they're subjected to clyclic | 
a freezing and thawing, and the overburden pressures | 
= are rather low, the order of a few feet. | 
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So that a systematic investigation of the role of 
overburden pressure had not been undertaken. I think 
it's fair to say that we began,initiated the first -- 
if perhaps not the first, one of the early systematic 
explorationsof this effect at the University of Alberta 
a few years ago. There are also field studies that 
have been undertaken by the U.S. Corps of Engineers, 
in their Cold Regions Research Group that support the 
idea and could also -- we could also cite, and I suspect 


some of our literature does cite their data as support-| 


| 





ing the principles here. 
| 

Subsequently, Northern Engineer- 
ing and Canadian Arctic Gas took up the idea in the 
systematic development that we've just seen that | 
embraces laboratory studies, embraces field studies, 
embraces model studies and there are also some 
theoretical considerations that underly it, and this 
has led us to rational design procedures that in my 
view represent a major technical achievement. 

Q Thank syouTniDusiClark, 
does that end our discussion,at least at this stage 
on the problem of frost heave? 

WIINESS s-ESBK 11g like totum to 


the concerns expressed in Section 8.2, the buried 





pipeline rationale, pages 179 to 181 of the PAG Report.| 
Now the concerns expressed in this chapter,which are 


not discussed elsewhere, which is to say frost 
| 
heave, drainage and erosion control, they awe primarily | 
| 


related to whether or not the pipeline should be 
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buried for the full length of the route throughout 
permafrost areas. A discussion of this concern was 


presented in response to Question 24 of the PAG request 


i 


_for supplementary information. At this time no areas 


} 
i 


have been identified where it would be of overall 
benefit to construct the line above ground. 

Q Question 24 | 
specifically referred to a proposed burial mode of 
construction, does it, Dr. Clark? 

A Yes sir, and provides 


some comparison of burial mode versus pile support, 





versus what is called berm construction. 

Q Did you participate in 
the preparation of the answer to that concern. 

A Yes sir. 

Q And as I read it, weno 
reading the whole thing into the record, it has tables | 
and it lists the advantages of raised or above-ground | 
construction and the disadvantages and@ oncludes that 
the disadwantages far outweigh the advantages. 

A Yes sir, we tried to 
look at it from an overall benefit point of view. In 
our view we have not identified =a area where there 
would be an overall benefit to constructing above 
ground. 

Q Next, sir, I believe 
you're going to deal with the concerns expressed in 
Section 8.5 of the Pipeline Assessment Group report, 
which deals with slope stability and erosion suscepti- 


bility. These, I understand, are at pages 191 to 200. 





| 
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A Yes sir. 


Q Of the report. 


} 


A Yes sir, and this is one | 


of the major areas which we find is expressed throughout 
the concerns in the Assessment Group, and rightly so. 
We have submitted responses to which I will refer later, 


| 


but before getting into the detail that I lwe here, I 





think it would be of benefit to everyone here to have 
an overview of slope stability and I would like to turn 
to Dr.Morgenstern and ask that he provide this for us. 

Q Would you proceed, Dr. 
Morgenstern? 

WITNESS MORGENSTERN: The 
concern for stope stability is essential in the design 
of any transportation pipeline, highways, railways, 
any of the facilities that go across permafrost 
terrain ~ the safety of the system and the 
physical environment could both be threatened if the 
slope problem is not handled correctly. 


For example, the slope 





instability could arise at river crossings along 
right-of-ways associated with cuts and even off the 
right-of-way ‘and threaten the facility. It enters 
into many phases of design. Now until about 45 years 
ago our understanding of the problems associated with 
landslides and permafrost terrain was rather limited. 


There had been numerous descriptions of mass movements 





of various kinds but the mechanics of these processes 
were not well understood. The understanding of the 


mechanics of the processes and their inter-action with 
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In Mef | 
4 the geothermal effects, the influence of terrain | 
disturbance and changing ground temperature, the | 
effects of induced thaw, this inter-action is necessary 
< in order to establish positive engineering design 
: procedures that are to go beyond the rather gualitative 
‘ description of the geomorphologist, perhaps the 
[ geologist, we have to get a quantitative understanding 
: of processes. 
74 Now as the pace of northern 
= development quickened, it becane apparent that more 
S studies were needed and research programs were launched 
2 by government, universities and industry, including 
ae studies supported by Canadian Arctic Gas. In retro- 
a spect, these studies were not planned as co-ordinated | 
= units, but it appears now that they have to a large 
ee degree been complementary to each other. 
at They have led to a clear | 
ee understanding of where landslides occur in permafrost 
ae terrain, how to calculate the likelihood of their 
se occurrence, and how to design stabilization measures 
a to prevent or inhibit them; and it's the purpose of 
a my presentation now to illustrate some of thefindings 
es that have brought us to this position. 
ag One of the first things that 
gs we do when we try to make sense out of a complex 
ae subject at an early stage in its development is to 
oe attempt to establish a classification. The classifica-' 
i tion that we have developed was based upon the ch toner | 
+ gy of movement, the shape of the material that is moving. 
30 


There is some conflict among some of us regarding 
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terms, but by and large the descriptions that I'll be 

| 
citing are, I think, accepted by other workersin this | 
area. The basic structure of the classification is to 
separate the shape of the material moving in permafrost 


terrain, whether it is a flow, a slide or a fall. In 


the case of a flow, it gies the appearance of being 
rather viscous , it has a high degree of mobility. | 


In the case of a slide, the material that's moving is | 





more intact, it stays much more coherent as it moves; 
and in the case of a fall the nature of the movement 
is a rotation forward, and that is simply illustrated 
DYN tLHeCAwOrdyEtal ls; 

SsOolleluction “1s ‘a rather | 
Shallow type of flow that we don't encounter -- that 
we perhaps encounter very rarely on pipeline routing, | 
in any case it is very shallow and I won't address 
it further here. It is an interesting phenomenon in 
the Arctic that doem't bear on our pipeline because 
it is buried too deep for it to be of concern. It 


also falls on rather minor movements ; Ehey contribute 


to lateral channel migration. Some of our river people 





will be talking about it, but they are also not a 





major concern along . the pipeline. We will deal mainly 
with the skin and bi-modal and multiple retrogressive 
flow and that type of slides. 

I would like to illustrate, 


to give you a visual picture of what these different 





components of classification look like. fhe first 
slide is a picture of a skin flow. Skin flows are 


rather plainer features following by and large the 
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level of the ground or the taking part mainly in the 
active layer, or perhaps a thickened active layer as 
we see here might have been thickened in response to 
a forest fire. This particular flow is on the Hume 
River. In this area where we undertook extensive 
observational work, flows are very abundant. We find 
that we can identify the likelihood of flows with 
different terrain units, in particular hew,we have 
glacial lake basin sediments which are very disposed 
to this type of mass movement. 

Perhaps useful to note that 


in some particular areas land slides are very abundant 


aS a naturally occurring process and perhaps the evalua 


tion of the physical impact of any transportation 


facility should be looked at on an incremental basis. 
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1 The new landslides might ! 
2 facility generate in a specific terrian type. 
3 The Penna type of flow is bi-modal flow. This is | 
4 a bi-modal flow along the Mackenzie River near Fort 
5 NOrman. The bi~modal flow is characterized by a | 
6 || rather plainer lobate feature that you see coming 
7| out into the river and a steeper head scarf that we seer 
8 | back in the tree lines. We have adopted the term 
3 bi-modal because the shape of the slide has a bi- 
10 | anguzar shape and thereare two processes participating 
un in the mass movement. ONe, the outward flow of 
12 material towards us and the other the ablation or 
a || the melting out and regression in the head scarp back | 
UA into the upland. 
iD These are very interesting | 
16 flows. They in some locations, demonstrate an | 
1? extremely rapid rate ,of degradation of the head | 
18 scarp, measured in the order of tens of feet in a 
19 thaw season. Teena Ret balance at the interface in 
20 | the headscarp is somewhat complex. It contributes to 
2i this very rapid rate of regression. We feel we now 
22 have a much more quantitative understanding of what 
23 Ls,.gOing .on..theres 
24 Here is another bi-modal flow 
25 | that occurs naturally in the Richardson Mountains. 
26, You see the material flowing out toward the right and 
e7 we will see in the next slide in the head scarp shown | 
28 | dark toward the left centre portion of the slide, a 
29 very ice rich matieral that is the source of this 
ace 808 | ablation. 
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A This is the ablating head | 
ri scarp in the last picture. Now, when a flow, be it | 
3 skin or be it bi-modal, takes place, they need not | 
4 go on forever. There’ are examples,an nature ofjbi- | 
3 modal flows, for example, that have self-stabilized. | 
e Here is one also on the Mackenzie near .Fort Norman 
7| that has stopped moving. Vegetation is becoming | 
8 | restored and the mass 1S becoming quiescent. 
9 Our researches and under- 
10 standing of the mechanics involved in bi-modal flows 
11 lead us to the view that the key to stopping 
12 | this rather rapid upland degradation is to stop them 
13 Sard ylonse Dolmot, let) thes | process, of- ablation | 
14) get started. So that we will see later on where | 
15 we think that such a process might get started,we | 
16 would recommend certain stabilization measures 
17 in the event of a risk of such a thing. 
18 THE COMMISSIONER: Excuse | 
19 nej|jwbr.rMorgensternes that wond, *ablation", -—= | 
20 | A Melting, out. 
21 Q Could I ask a question. 
22 Skin flow, is it putting Mtetoo isimply to, suggest that 
23 that is simply a flow of the active layer? | 
24} A Or a thickened active 
7 layer that has been thickened in response to vesetatic 
26 | disturbance and forest fiires, yes. This is certainly | 
ae an excellent picture that would parallel a part of | 
28 | or all of the active layer, yes. | 





Now, the multiple retrogres- 


sive flow is a composite that worke back into the 
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uplan d. It has a somewhat more complex shape and 


Ww DN 














I have not included a slide here, but it also is 
rather low banked, rather viscous in its morphology. 
Let us turn now to slides. 


You remember that the characteristic if we call some- 


thing a slide as ‘opposed to a flow, it is more blocky| 


it is kinemetic, the nature of its motion has kept 


the mass movement more in tact. 


whese are multiple retrogres= 


Sive slides along the Mountain River. In fact 
just around the corner from the Sans Sault Test Site 
that Mr. Williams described to us yesterday. These 
are large slides. If a pipeline were to traverse 
an area and a slide of this kind occurred, there is 
no doubt that it would be troubesome. This type 
of slide is relatively rare. It occurs when the 
slopes are steep, high, by and large involving fine 
grain sediments. The location of slides of this 
kind are readily identified on airphotos and clearly 
route location has avoided areas where this type 
of slide dees occur. 

Nevertheless, we have a 
few locations where there are relatively steep, 
high slopes in relatively fine grained terrain where 

whether 

we propose to evaluate ‘such a mechanism might take 
place. 

The block slides instead 
of having the retrogressive behaviour are simply 
slides that appear to have slid down and out and I 


will not go on with further description of the 
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characteristics within the classification. Now, our 
procedure has been with this terminology, this frame 
work in our mind with an idea of the terrain units 
in which these .xinds of slides, mass movements occur 
has been to inspect the route and identify all slopes 
that we think have a es ea ee 
This illustrates the 
results of the analysis along the route, giving a 
against 

matrix of slopes, slope height / dbope angle. The 
details of the specific slopes are given in one of 
the supporting documents ithat I will cite towards 
the end of the presentation. 

| We have assessed that slope 
angles stéeper than ae in terrain unit in which 
fom our studies know can generate mass movements are 
slopes worthy of further consideration, that is to 


say, inspected in detail design. Notice thatof the 


686 of the 700 slopes that we are discussing, perhaps 


hazf of them lie in very gentle inclinations and are 
rather low. The height is not effected. 
with 

The criteria/which we have 
selected these sbpes are conservative and further 
Bratt ta underway leads us to believe that a 
very as Pea ei eaeseem a will be shown to be of no 
Special concern not needing detailed analysis. 

Now, when we uncertake 
detailed analysis we have to do certain calculations. 
Slope stability can be aggravated by thawing. If, 
for example, we come along and clear the right-of-way 


as we will, the energy balance at the surface of the 
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i ground will be changed, permafrost will digress some 
2 | degree and water will be released in the soil and | 
| 

3 this will aggravate stability. 

4 In order to analyse these 
Me things quantitatively, using procedures outlined in. 

6) detail in supporting documents, we need to know -- 

7| we need to be able to predict the ground temperature 

8 | regime as a function of the changes that we are | 
9 going to induce. We need to know something about the 
10 | strength of the soil. We need to know something about 
11 | the drainage charactistics of the soil, the hydraulic 
12 conductivity if it has been a parameter . cited 
13 recurrently here. We need to know something about 
14 stratigraphy, the variation of the ground properties 
15 through the seé¢tion. | 
16 In some locations we feel | 
17 | that we can estimate the relevant parameters that 
18 I have just listed to an adequate degree of certainty, 
19 to undertake the analyses that we will do and in other 
20 locations detailed field studies will be undertaken 
21 to get the ground truth or site specific data that 
22 will be part of the final design. 
23 This process then will 
24 determine whether a slope is stable or not. In the 
aa event that stability is a problem, stabilization 
26 | schemes, that I will describe presently will be imple- 
27 mented. The criteria*that we will invoke clearly to 
28 insure that the integrity of the pipe is not endangered 
29 and to insure that any intrusion into the physical 


30 environment is acceptable or that is, we will not 



















. om hn 
dhe ¢eorg tb Lil« saon2 


Oise lios S42 ni baaeé! 











7 oe x - : = y _ : . 
shade Orritne <2 tebRe At : we vi a 
; | wi : ‘IO eeyUvoseewds n hee _peteviansanauy pat 
mi rs mu Sw ,eiroemoom pre roqqua — me tsa 
: < 7 , fy ‘<< > . , 2s —— cl elds od oniitinber, ow 
| fi ; - yy 
ve ina? gerney (3 to ndtsonus Ss as —— ; 
7 eis oy F Joann of een oW yseubal oF eatee: fe 
, SIO i > F hsne ow ice sa7% to. atgnetde z 
>i i ote 1 oko vpttetgosvato spenterh an i 
' an 
) 15>) 3 6 wood acd SP yiiviesubion ‘a 
‘ | of beer oO . ,eged yloaszs = - tn 
| 1otte ev rid Vigespes 238 
oe 
noldben ons fev 
. a = 
: 


eds ‘ Jsaltac fsa eum a 
y ia i , “has DS no oF fda | staut even rt 
is ort / “a3 hey eo ods eteszebau oo 


i = = J 
yu ¥ wal i biek? Sokisives ansivase =e i 
| a 7 
1°! ged fms. i125 s3ke so devs SAO Tp ‘ad? sop 02 
_ 7 7 ’ 
-ftgheso LSE28 vit * et] od iftw 
- . : ei 
: iiiw xed exsobsq aia han py 


si? al .to¢ to Midge ef seole-e re eee 

notreatindays® .msitiong & At yretidese eae 
-nfqmi ed Lie@ via q sdiztzeob than tase mae 

_ iat 

|. © oF yisesin etewa Ltkw oy eee Re ESS ott 
7 a 
fonaedis 1 RL adig std Io en pe ie 
hacdayitey and oath: eee 


Zon 7s iad 














ets S607 10: oly 
dd : 

| splat jude 
Ra ’ 


ALLWEST REPORTING L.TD, 2554 | 


BURNABY 2, B.C. Clark, Hollingshead, McRoberts 














Slusarchuk, Morgenstern, Cooper 
Hardy, Williams -- In Chief 


create an unacceptable location or number of slides 


and this will be done at the outset. 





Part of the things that we 
would think about, whether for example, if there 
is some threat of instability occurring and if 


for example it is a location that would be difficult 


to get to after construction, it would be more 





prudent to stabilize at the outset rather than tc run 
the risk of having difficulty getting in subsequent 1y| 


in a maintenance program. | 


On the other hand, I think 
Pashould point .out that if, is not our “intention 
to avoid all landslides at the outset. It is a better 
solution,in my view, to treat some as a maintenance 
problem provided they are the kind that can be 


controlled by the maintenance program. Not for 





degrade ; 
example bi-modal flow that might/ very rapidly | 
best 
in the fall season -- that is,;handled at the outset. 


As we pointed out in 
the slide before, some slopes when mass movements 
occur- reach natural equilibrium, on the other 
hand, others have to be treated artificially. 
It is instructive to look at the experience, some of 
the experience that has been gained and is still bein 
gained in Alaska where they are now cutting and 


treating slopes. 


This is the cut along the 





Trans-Alaskan Pipeline haul road that was constructed 
some years ago and it has been dubbed, the "tunnel 


of ice". During this cut, they exposed a terrific 
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amount of ice in the wall of the cut and we are | 
looking, and it is unfortunate that I do not have eae 
in colour, but essentially that is pure ice, | 
clearly a situation that is going to degrade and at | 
the outset it was thought that the degradation would 
be a very -- it would inhibit the use of the road and 


the material would creat®a lot of construction 


problems. 


Subsequently, the self- | 
stabilization has taken place, the material did 
degrade, organic material fell over and has healed 
the slope to a large degree. During my visit to 
this) cut last fall. this in fact is. what:it looked 
like. The healing could heve been even a little 
DeLtereat vegetati1on Nad not been istripped off the 
top of the upland. Phere is a small reventment, 


you see a little rock channel down there which has 





helped collect the debris during the ablation or 
melting out of the material and it subsequently insu- | 
lated the face and that is now a stable situation with| 


revegetation -- with vegetation becoming restored. 
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a In Chief 
5 Some people have drawn the 
2 conclusion that it is appropriate to make cuts vertically 
4 in permafrost as they will ultimately stabilize them- | 
: selves. We recognized, however, that this was not | 
: necessarily true. In fact the good behaviour in this | 
| location is due to the peculiar type of ice form,it's | 
7 | wedge ice | 
g | ice wedges which I'm sure Dr. McKay must have discussed 
. with you two weeks ago. In this case, the ablation 
+6. proceeds until the system runs out of ice, and then you 
re] have enough unfrozen soilas a seal, which then drains 
3 and becomes stable. On the other hand, if ice is 
a present in extensive tabular form, horizontal layers 
14 extending for large distances back, it is unlikely, in 
s our view, one could not rely on self-stabilization | 
| 
6 || of this kind occurring. More positive stabilization | 
steps would have to be undertaken. If you didn't do 
see one of these | 
3 that, you'd run the risk of/extensive bi-modal flows | 
is developing. : | 
35 . Here is a cut in the Dempster 
5 Highway near Ogilvy River, it's degrading very substan 
33 tially, the result of the construction practice employed 
33 there. The degradation has Subsequently been stabil- 
3% ized by dressing with a gravel fevers provides 
3 Support, provides drainage, provides some insulation 
56 value, and during reconnaissance this appeared to be 
yA behaving well,and I draw to your attention that here 
se is an example of stabilization measures that have been 
AS shown to work in the field in our construction” practice. 
ah Well, let me now go through 


| 


| some of the stabilization measures that we would employ 
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as part of the final design, as one going through a 
slope by slope analysis. | 


One configuration, let us 





develop the following scenario . Our analysis of 








| 
therm al effects indicate that permafrost is going to | 
| 
| 














° degrade and essentially there is a danger of a skin 

. | flow developing along this slope. We have developed 

: methods of analysis that tell us that we can stabilize | 

A that situation by putting on a sandwich that is 
composed of insulation, drainage pad underneath, and 
grav. elly sand underneath, an insulating layer, and 
a then perhaps further surcharge that can be designed 

a4 to accept revegatation. This blanket would be in the | 
7 order of several feet thick and would combine insula- | 
ri tion and combine drainage and neteenanec ans tate 
' and quantitative analysis that we use to evaluate | 
ae -the stability of skin flows tells us how to design | 
= these Sandwiches in a rational manner. 

cS We can also introduce internal drainage, which ope 

ie a certain type draw water, draws the water in a 

o a very influential way, a proven way of augmenting 
ois stability Rn tT would be needed. This is one 

. configuration for one type of potential rass movement. 
a 

am ' If @ crack were to be made 
25 thaw 

in stable permafrost material, then our evaluation of 

26 | 

: the terrain leads us to believe that water, as it is 

z | generated by melting, will freely drain-out leaving | 
Y the ground in a coherent state that one can simply 

: cut the material, try to disturb the uplands 
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wip as little as possible and put*back, “install here erosion 


ai) protection revegetation programs, “so that it’can thaw with 
3}i, Out “any “untoward” effects. © Thermal degradation ‘of permafrost 
| 


ML tS not necessartily a’bad thing: it, only “creates construction 
. 


a, problems by and“large “when there’ rsa lot “of “ice around ‘i 


Gi the water "cant get out. | 


3 A | 
5) F Some cuts we will choose to make in | 





au 2 Vertical way and we recognize that “the “organic overhang 


@uotse:. Contributes greatly to seli-stabi lization ane 
10 so we would try as this degrades, to design and augment the 


wey TeersCance Cle thrs overhang *so°that rt would break “over “the 


| 
72 || degrading slope and then provide insulation to inhibit 


13 | further ablation, thermal degradation of the material 


| 


j4| behind the cut. Some channelling abutments would be placdd 





ia) Nere in “case*material flowed “out. ~ This, *we think’, “would 
Meee Curte"etrecti ve=particular ly =ror the’ smaller cuts: | 
17 In other cuts, another procedure 


igi would shave’ to" be™adopted, if the cut is somewhat ‘higher 








| 

| 

| 

19 | than the previous one, we identify the possibility of a | 

agi, bi-modal “activity developing, This is ice-rich ah ee 

21 then a positive cover involving a draining capability 

22 || involving insulation and providing revegetation on the surface 
23 || would be designed at the outset, or brought in later if this 


ah Were a slope “treated "as a maintenance “project. 





25 The general point that I would draw 


agi your attention “toris that there ‘is thisvarray of ‘different 


271 Solutions available to us, depending on the range of 
a COoniiguratirons, 
29 
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soil type, ground ice type, height of slope, location, 
and so on. ‘There isn't one single solution. That will 
be brought to bear on this kind of a slope, but 

many _ solutions will be utilized for site specific | 
design. Now, let us look at one of the large high 
steev slopes that is of concern to us. This in the 


rather cleared area, moving down the river, is the 





l@ation of the major crossing of the Great Bear . this 
particular location is a relatively high slope, quite | 
steep, it contains fine-grained soil, and we recognize 
here the possibility -- I suggest just a possibility - 
of deep-seated failure, there isn't a deep-seated 


failure there, but our experience tells us that we 


should expect the possibility of failure at this 


location. We also recognize the need to inhibit any 


toe erosion to stop the more shallow types of 
which 
degradation might occur. I note that the pipeline 
also 


appli@tion Assessment Grouphas drawn attention to this 
crossing and queried it. 

The viscidity...at the. crossin 
here,based on information gathered from field studies 
and displayed here in simpliec form, is oe 
sand overlying frozen clay, underlain by some unfrozen 
material and the river sitting on bedrock in that 
sequence, sitting on bedrock. This is a configuration 
not unlike that that we encountered at Mountain River , 
where we found large slides and therefore we investiga+ 


ted and have investigated the potential for deep- 





seated failure in this location. If we assume that 
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that slope is at the point of failure, and I add that 
it doesn't exhibit any characteristics of that, there- 


fore this is a conservative slide and if we put the 


| 
berm in the river along the toe of that slide to add | 
a counter-weight, so to speak, at the base of the 
toe, we can increase the stability of that slope by 

and in most of our practices 
about 40% which in my practice’will be regarded as | 
an acceptable degree. We also recognize that this | 
configuration might have some possibility for creep : 
in frozen material, and in fact people in the field 
at this very time are evaluating some aspects of that, 
this type of solution because it decreases the stress 
lvel in this material will also decrease the possibility 
of a creep. 
THE COMMISSIONER: The 


crossing of the Great Bear River that we're looking | 


at in the slide, I take it that's the north slope? 





A Yes. 
Q And how far are -- 
A South slope. North 


face on the south slope. 
Q Let's just think about 

WITNESS McROBERTS: 
that for a moment. You can see the Great Bear River 
coming around here. This is the Great Bear coming 
around, the Great Bear is still here and this is -- 

This is 

the south side of the Great Bear. 


Q All right then, we're | 
on the Fort Norman side of Great Bear River. 
| 
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A The details of -- 


Hardy ,Williams 
| In Chief 
5 A Yes; 
3 Q How far are we from 
; Fort Norman? | 
| A Four miles. ! 
i Q Oh, I see. You confused | 
+ | me. I thought that might be the Mackenzie we are Looking 
afl at in the distance. I am oriented, thank you. 
i WITNESS MORGENSTERN: So we | 
st see then that this provides in the event 
11) of a potential deep-seated failure and also contributes 
al to ameliating creep, if creep is identified as a problem. 
all Q Excuse me, Dr. Morgenstern, 
vail you plan to establish a berm at the toe of the Piece 
AE if I'm using the terminology rightly. Now,does the | 
16 | word “berm" connote anything more? If it does, tell | 
17 | me, than simply filling in the toe so as to reduce the | 
18 angle of the slope? 
ae A It provides weight on 
20 the toe and reduces . the overall length by loading 
21 the toe, sarcharging it makes the material stronger. 
22 The organ of strength lies in friction and this 
33 increases the load to immobilize the friction. 
oy, Q Could you go back to 
25 the last slide so I can compare that with this one? 
26 | We had the slope without the berm, I think,didn't we? 
27 A Yes, we did. Does | 
59 | that help? | 
Q Yes, i) see, yes. 
| 
| 
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Slusarchuk ,Morgenstern, Copper 
Hardy ,Williams 
in Chiet 


0 Excuse me, so that berm 
woudd extend out in the river would it? | 
A That would be designed 
to meet hydraulic criteria as well. The influence of 


the berm would have to be assessed hydraulically. | 





Q The berm itself would 
be restrained by piles and so forth, or would it 
consist of gravel? 

A Consist of gravel and 
would have erosion protection on the surface. 

The details of the methods of 
analysis, the distribution of potential unstable slopes, 
or at least slopes requiring detailed investigation, 
the classification and the terminology that I have | 
utilized here are given in the responses to requests | 
for supplementary information, and also in the report | 


on slope stability and permafrost terrain that has 





been iisted,an which we rely, and that report also 
includes worked examples. In summary, then, we see 
that the concern for slope stability which arises in 
cuts, it arises, as is stated, with thawing along the 
right-of-way, it arises in river crossings, it even 
arises in naturally occurring things which might 


potentially attack the integrity of the system. 
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In Chief 


This concern has been addressed in | 
| 


systematic manner. Key problems peculiar to permafrost 


| 
i 





terrain have been resolved. The results of these 
studies have been applied in the design of this pipeline, 
so that with regard to considerations of slope cpa loyencgl ap 
in my view this pipeline can be constructed in a safe 
and environmentally acceptable manner. Thank yous 

THE COMMISSIONER: Thank you Dr. 
Morgenstern. | 


MR. GENEST: 





Mr. Goudge reminds me, and 
perhaps I should, in case I forget, I should remind th 
panel that the slides will remain here for the purpose 
of cross examination, and as usual they will be oa 
by the witnesses and filed permanently with the Inquiry. 

THE COMMISSTONER: Yes, | 


thank you Mr. Genest. Could I ask a question, before it 


slips my mind? You have proceeded on the assumption 





Dr. Clark, you and your colleagues, as I understand a i ser 
that you do not have permafrost beneath the river 
crossings. That is, in the beds of the rivers. ee 2 
me, if I am wrong, in putting it in that way? 

WITNESS CLARK: 

A Under the wider rivers 
sir, we have assumed that there is not permafrost. We 
have done some drilling under the Major rivers, but 


along the Arctic Coast for instance, under a river 


approximately 200 feet wide, there would be permafrost 





found at a depth of the order of 40 to 60 feet below 


the river bed. By and large, the portions under the 
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In Chief 
1 rivers and under the lakes, are unfrozen. | 
2 THE COMMISSIONER: 
3 Q Well, the major river 
4 crossings within the Yukon and the Northwest Territories, 
5 the crossing of the various channels of the Delta, ange 
6 the crosssing of the Bear River and the crossing of the 
7 Mackenzie, those are the major river crossings now? 
8 A Yes, sir. 
9 QO Now, has Arctic Gas 
10 carried out tests to determine whether those river 
il beds are free of permafrost so far as.thne levels of 
i 4 the river beds that we are concerned with, go? 
: Ee} A Yes, sir, we have conducted 
14 drilling in the beds at the Peel River, the Swimming 
15 Point Crossing, the Point Separation Crossing, and al 
16 Great Bear Crossing. 
17 0 And those are free of | 
18 permafrost? 
Lo A Yes, within the depths 
20 that we explored, which is below the depth to which 
a1 the pipeline would be buried. 
Ze Q Was the Mackenzie free o 
23 permafrost at Burnt Island before you -- 
24 A eae Er below the SEER 
22 Q -- and the Liard was fre 
26 of permafrost? 
27 A Ves,isirs | 
28 THE COMMISSIONER: | 
29 Yes, thank you, carry on 
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tn Chier 

u MR. GENEST: | 

2 Q Weliljcthen;,: Dr. Clark, may 

3 I take you back them to your testimony with reference | 

4 to the Pipeline Assessment Group concerns relating to , 

i) slope stability and erosion. We've had Dr. Morgenstern's 
6! presentation and we have a concern expressed by the | 

7, Assessment Group at page 193, that the proposed route 

8 has considerable potential for Slope failure. What is | 

9 your response to that sir? | 
10 | WITNESS CLARK: | 
Ag? A Yes sir. Well, with Dr. 
12 | Morgenstern's overview as a background, I would like te 
13 | respond now to these concerns. 
14 With respect to the proposed route 
15 | having considerable potential for slope failure. Our | 
16 | response, from the studies we have conducted on behalf | 
ie of the applicant, we do not agree that the proposed 
18 routeshds saa iiconsiderable Ipotentialafor slope failure”, 
Lo A summary of the number of potentially marginally 
20 unstable slopes found along the right-of-way is contained 
3k in the Response to the PAAG Request for Supplementary 
22 Information, in Appendix B., and was illustrated by 
23 Dr. Morgenstern. While only a small percentage, in 
24 | the order of 2-3%, of the route, me potential | 
25 instability on the basis of conservative criteria, we | 
26 | expect that further study will substantially reduce this 
27 amount. And as Dr. Morgenstern pointed out, yneninarcie 
28 half the slopes are in the-range of three to six degrees 
29 and less than 40 feet in height. 

30 As: to: thexremainder,-it is 
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im Civer 
1 intended to apply preventive stabilization techniques 
2 to ensure a geotechnically sound and environmentally 
3 acceptable design. These techniques are discussed in | 
4 the Responseto the PAAG Requests for Supplementary | 
3 Information, in Appendix B. | 
6 | The next concern relates to | 
7 | Slope Stabilization. PAAG states on page 193 that | 
8 "Slope stabilization measures proposed for permafrost | 
9 areas, however, are described in such general terms | 
10 that the Assessment Group is unable to judge their 
11 probable effectiveness". | 
12 Our response: the stabilization 
ne) methods that could be applied, where necessary, to 
14 ensure the stability of all slopes along the proposed | 
15 right-of-way are discussed in Appendix B of the 
16 Response to the PAAG Request for Supplementary | 
i? Information and in greater detail in the NES report 
18 "Slope Stability in Permafrost Terrain" dated December 
19 1974, and I'm referring to this report which I hold 
20 here, and to which Dr. Morgenstern referred. 
21 Q Appendix B is a paper 
22 entitled "Some Aspects of Natural Slope Stability in 
23 Permafrost in Peaar ek to the Applicant's Proposed 
24 Pipeline" And it contains some fifty pages of technical 
25 data and information, and unless Mr. Scott would like 
26 me to deal with it at lengtii, I would not propose sir 
27 to read itvallv into the record. » But I'm jin the | 
28 Commission's hands in that regard. 
29 THE COMMISSIONER: It appears 
en it isn't necessary. 
| 
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In Chief 


MR. GENEST: a) 


Thank you sir. 





WITNESS CLARK: 

A Turning now to the several 
concerns relating to the method of analysis that the | 
Applicant considers applicable to shallow slope 
failures. These concerns are listed by PAAG in Section 
2 Pare Ais) pagewnos . 

Firstly, it's suggested by 
PAAG that the analysis involves costly field sampling 


and laboratory testing in order to undertake a design. | 





The testing required is similar to that undertaken as 
matter of course in most geotechnical testing laboratories 
and is not so unduly expensive as to restrict the amount 
Of testing that would be required. However, it is not | 
intended to acquire site specific information for | 
every slope that might fail in this mode. Rather, nee 
| 
appropriate, typical slopes will be investigated within 
each terrain unit and designs evolved on a mile by mil 
basis. | 
Secondly, a concern has been 


registered in Appendix I to Section 8.5 concerning the 


magnitude and range of the coefficient of careemmarT | 
. 2 





parameter. In Appendix I a value of ty = 5 X 1074 cm fsec 


was quoted and then it was varied by one order of 


2 om“/sec in orde 


magnitude lower to a value of 5 x 10° 
to show that the Factor of Safety was significantly 


reduced depending upon aa. While the parametric study) 





conducted is quite correct the approach is not completély 


appropriate. The value of c, quoted in Appendix I is 





feyoven 649 ov won vata rt: 
sit tetd erevians Yo bodtem editeo® palielex emisoncs 
wole wollerts of aldsobiagn eiebienoo tnsoliqqé 
Holsoe2 wi OAAT vil hotekL sas enktetneo see?) - saeielis? 
COL song CEL daat ys 

vd besespoue eos .yhseut ' 
poiiqnes bist? viteowo. sevlovar ategleag: edt jenit DAY 
aiicoh 6 exasveiaw of w6b=c af PakFesd yrotsrodsl has 
b tin nedesimbay seit os yeltnie et Seziupes paivess ef? 
Sitosevotsl onitess lsoindvetospe dean ak sexvoo to tedsom 
tition: og tortteer of va ovienegxe iebashor jon ei bas 
ten 2b Fi .teVewoH . Sexivtet ed) Sapow 9eds pendsasd 20 
102 uOiseamotol sitioege 69fe orhipes ea bebasadt 
Szartw .tettss .ebom alia al [gee orfphe goede eqele-ysevs 
atdtiw bstapldeount oc Ciiw eegeta Dsolqyty yetertqozggs 
iin vd olzms no bevieve aepieeb bre Jia eiszies, None 
ated 

need esi nirsonen & ~wibno vad 

af? phkaxsondo 2.9 poidsoee oF I xibngqak ak Bexstakper 
hotysbilewnos to tnaipis3eea! ott Jo sens be ebetinpait 
ree me: *7Ol X 2 = yt Josefev oc I xEhneqgA al ,zetemazeg 
te 28bxb eae ed deting 2ow dk mesa bas betoup eew 
hobite: Hk: Soe ee ay x 2 26 oniay 6 od tewol, ebutinosm 
| pitas byboeie Bow \ibleB Yo potuny eft. dads wode oF 
“upp te od 1A emeteg odd oTbw - -y? Taqu guibaegeb beoubex 
ylgtel qnoa zon ek ASsoxAqH Sat t>=zT09 ettsp ek raha 
| at 1 xibneqqAy cae atte nee ted ong 





ea 
ra 7. every ee 










Als WEST REPORTING, L-NiDs 2368 
ei ceili a Clark, Hollingshead, McRoberts 
Slusarchuk, Morgenstern, Bek as 
Hardy, Williams 














In Chief | 
BL is based on testing of remoulded soil samples which | 
2 were never frozen during the testing procedure. On the 
3 - other hand, testing of undisturbed, initially frozen | 
4 soil samples of natural permafrost indicates that the : 
5 presence of cracks and fissures inherited from the ies 
e vein structure significantly increases the magnitude of | 
| Ci. I would draw your attention back to the slide that 
8 Dr. Slusarchuk showed of a sample, where ice lensing | 
9 had developed in the cracks and fissures which were | 
10 clearly apparent in that slide. | 
ll] Now, this phenomenon is | 
2 considered in detail in the Respons to the PAAG Requests 
Lue for Supplementary Information, Appendix B. That is, that 
14 | if the effect of structure inherited from thawed ice is 
15 | to be considered, it is more appropriate to conduct the 
net parametric analysis of Appendix I, Section 8.5, in the 
17) opposite direction and to show that the ratio of the | 
18 Factor of Safety increase rather than decreases. Finally 
ss8) it is also of interest to note that the value of 
20 me 5: qOaI em” /sec is rarely, if ever, encountered a 
2. geotechnical practice. More commonly, values of Cc. 
22 of from non to Weg cm/sec are to be expected in 
a3 thawed permafrost soils. 
24 The third item introduced is | 
25) that the Applicant has not identified the criteria that 
26 | would \be required in identifying slopes requiring | 
27 analysis for potential shallow slope failures. 
28 Information in this regard -is contained in the Responsd 
29 to the PAAG Request for Supplementary Information, | 


30 Appendix B and in the NES report entitled "Slope 
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In Chief | 

1 Stability in Permafrost Terrain", dated December 1974, | 
2 Finally, a concern is also | 
A | registered in a discussion of the statistical Seta ounce 
4 of the Applicant's position in regard to shallow slope 
5 failures. We take the view that there is little i 
6 | practical value in undertaking an analysis as suggested 
7 | in Appendix II, Section 8.5. While such an approach 
8 | can be formulated, such techniques are rarely used in | 
9 geotechnical practice. | 
10 | Q Sim, think 271! “tell 
T2) | my grandmother to skip all this, and leave that to Trea | 
12 | Scott and his technical advisors. I find it very | 
13 difficult to attempt a layman's explanation of that 

14 | response, and it should be, at least in my view, left 
135} | to the scientists to contend with. | 
16 THE COMMISSIONER: Yes, I | 
17| think we'll leave it to Mr. Scott. to go into that. | 
18 MR. SCOTT: im going, £o 
19] need a little time. 
20 (LAUGHTER) | 
au THE COMMISSIONER: We'll get 
ae you a blackboard. | 
ous WITNESS CLARK: 
24 | A td like EO, EUrN HOwW,: CO 
25: | the Retrogressive-thaw flow slide. In Section 2, Part 
26. (ii) page 193, PAAG expresses concerns relating to the 
af criteria for recognition of potentially troublesome 
28 slopes and the control measures that would be used in 
od dealing with retrogressive-thaw flow slides. 

30 Our response: a detailed 
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Slusarchuk, Morgenstern, Cooper 

Hardy, Williams | 

In Chief 
discussions of the factors influencing the development 
of retrogressive flow slides or for the headward 
enlargement of shallow failures and control measures 
is contained in the Response to the PAAG Requests for | 
Supplementary Information, Appendix B, and in the NES 


report "Slope Stability in Permafrost Terrain" dated 


December 1974, 
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oO MRRS SAE. Clark, Hollingshead, McRoberts 
Slusarchuk, Morgenstern, Cooper 
Hardy, Williams -- IN Chief : 
- Dr. Morgenstern has usperated 
that in these discussions 
é several of these. I should note’the term bi-modal flow | 
3 has been use in favour of the term retrogressive | 
4 thaw flow slide, however, both terms are synomonous. | 
3 PAAG concern regarding 
of cut slopes in Section 2, part 4, page 194, the PAAG 
7\ makes various comments in regard to cut clopes. Our | 
8 | response ,we are in agreement with PAAG concerning the | 
| geotechnical and geomorphological considerations | 
| discussed in section 2, part 4 page 194 and are ware 
— of the potential problems involved. It should be | 
| noted that the Haoneehaient considerations in recard 
13} to the design of cuts are identical to those | 
M4 required in design of sas ad deed Leos sides as 
15 | discussed in part "D" above -- | 
i | Q It was also illustrated | 
ue by Dr. Morgenstern-- | 
18 A Dr. Morgensern illustrated 
19 several of these. 
20 We wish to point out that 
ci the major conclusion reached in the report which is 
a quoted by PAAG in the Fie no eee Zapartk 
wae 4 page 194 and this is a report by Pufahl , that is | 
| P USHGATHOD.thetealresnthat isc E.TenjAgbey,l974ern 
aa Q That is not his name,tha 
he is others. 
an A That is what it means, 
28 | Pufahile andyothers. | 
= ‘Observations on recent | 
=a] highway cuts in permafrost, environmental, social | 
| 
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ALLWEST REPORTING LTD. Clark, Hollingshead, McRoberts 
ih doled loli tik Slusarchuk, Morgenstern, Cooper 
Hardy, Williams -- In chief 
. program northern pipelines’ and this is a major con- | 
: clusion, it reads in part ana I am quoting that | 
: "The behaviour of cuts need not be a serious impediment 
to the routing of transportation arteries across perma- | 
2 frost." -- And we share that view. | 
° I am turning now to the | 
7| PAAG concern in "Creep of Ice-Rich Soils". PAAG | 
os states, page 194, that "The applicant has not considere 
2 the possible effect on the pipeline or other structure 
~ of long term down slope creep of frozen ice-rich soil . 
ee | Dr. Morgenstern made reference to this phenomena in 
aa | the Great Bear River. OUr response: "There is no 
oe, field evidence available which suggests that creep 
= movements of engineering significance occur in perma- 
4 frost slopes, However, we have underway detailed field,| 
| laboratory and office studies in order to substantiate 
17) the position that creep movements are not a limiting | 
ot design concern. Should the findings of this study in- | 
i dicate that creep of permafrost slopes is a concern 
2A which must be accounted for in design, we are of the 
a opinion that design methods can be developed 
ae to account for the creep and we would suggest as an 
24 example of such a method is the mechanical separation 
ba of pipe from the surrounding soil which can be achieved 
an with relative ease. It is a simple and relatively 
oy straightforward procedure, to separate the pipe | 
4 mechanically from the soil so that it is not dragged | 
Be down the slope. | 
od MR SIGENEST: §°Sta-ALe- “I “could | 
30 
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Slusarchuk, Morgenstern, Cooper 
Hardy, Williams -- In Chief 


MR. SCOTT: Before my | 
friend proceeds, could I -- it seemed to me that we 
were doing beautifully until about three-quarters 


of an hour ago. I am going to do as I am sure the 





other participants:whether they have advisors or not, 
we are going to do the best we can in cross-examination 
to make this material comprehensible, but it seems 
to me that my friend is leaving rather a lot to us. 
He is preparing a record upon which the Commission 
is expected to ask which -- expected to act which 

he concedes he does not understand and which 

it seems to me that there is some obligation on him 
to attempt -- he may fail with the likes of me, to 
attempt to make some of this comprehensible. I 
frankly have great difficulty in understanding what 
in the last analysis is going to be done with a 
record in which it is generally conceded that nobody 
knows what he is talking about except the panel. 


Now, if it is impossible to make it comprehensible 


| 
| 
| 
| 
| 
| 
| 
| 
| 
: 
| 
it seems to me it is pointless to adduce it. 
it can be made comprehensible I hope that at some stag 
he would attempt to do so instead of simply leaving 

it and saying, well, you can cross-examine to your 
heart's content. 

THE COMMISSIONER: Well, I 
think that you have made your point, Mr. Scott. The 
matter of Cover V,I think did not strike a respon- | 
sive chord around the room and I think that Mr. 


Genest is looking to you and your scientific advisors 


to cross-examine on that subject if C over V is not 
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Wii ea a Clark, Hollingshead, McRoberts 
Slusarchuk, Morgenstern, Cooper 
Hardy, Williams -- In Chief 


the appropriate -- 


MR. SCOTT: Well, Mr. COmmis- 


Sioner, respectively, the formula C over V obviously 
means nothing to me and I would gauge means nothing 
to Mr. Genest. I presume like all scientific formlae 
it is designed to exhibit some kind of relationship. 
Now, I would have thought that the panel would have 
been able to tell us.in chief, because the obligation 
is on my friend to show his case,what relationship 

is intended by that,what the components of it are 

in brief so that we will have some understanding of 
what is intended. Now, he says, "Oh, well, others 


can do all that", and no doubt we can and may have 


to, but it seems to’me that he is simply building 


a record that is incomprehensible and if there is | 
no cross+examination upon it I do not know what is 
to be made of it. 

THE eCOMMISSLONER: «uMriy, Scott, 
so that I understand the passages in the evidence of 
this panel that you feel are not sufficiently ar+ 
ticulated, are you confining your remarks so far as 
this morning's presentation is concerned to the 
-- those pages where C over V appears? 

MR. SCOTT: Mr. Commissioner, 
I thought that Dr. Slusarchuk and Dr. Morgenstern 
made a full effort to explain in generat terms what 

their 


was contemplated by their work and/consultative 


services, and they did not carry me along with them 





at every point of the way but that is not their 


fault that is my. «fault... They sactenpted to docket 
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Slusarchuk, Morgenstern, Cooper 
Hardy, Williams, -- IN chief 


fully, but beginning at page 8, we have -- and up 


until the present -- we have had the responses to the 


Assessment Group's concerns, I would have thought 
my friend would ask Dr. Clark, for example, for a 


-- in less technical language -- an analysis of the 





impact of the concern and where possible, and I would | 
have thought it was possible in part -- an analysis 

of the response in language which makes the nature 

of the response a little more meaningful than he 

has done. He has now spent 20 minutes with Dr. 

Clark reading four pages and if anybody except the 
panel and the Commissioner in the room knows what 


he is talking about, I am not one of them. 


MR. GENEBT: Well, Mr. | 
Commissioner, the only piece of evidence which I | 
submit Mr. Scott's comments have application is that | 
which appears on pages 9 and 10 -- | 

MRS SCOTT S “That “might be 


COTLECE =-— 


MR. GENEST: -- of the filed 
summary. We have this problem, sir, that we are 
dealing in some aspects of this application, the 
engineering aspects, with concepts that can only 
be understood after a long period of academic training 
that “are “very difficult and it is very difficult 
to explain the theory of relativity to someone who 
2s ‘not versed in physics. It could take weeks. | 
Now, I am able to do that vi“that’ 12 the ‘desire “of the| 
Commission. I discussed that with Dr. Clark last | 


| 


night and that was the problem that we came up with, 
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Slusarchuk, Morgenstern, Cooper 
Hardy, Williams, -- In chief 


that the concepts which have been expressed by the 
pipeline assessment group, who are scientifically 
knowledgeable and competent persons, are expressed in 
that language. They are concerned with the values, 
physical and mathematical concepts, which to the un- 


initiated, require a course of study to understand. 


Now -- 


THE COMMISSIONER: That 
was the overview -- 

MR. GENEST: That is right -- 

THE COMMISSIONER: I am not 
being facetious, that was of great assistance -- 

MR: GENEST: ,That is «right. 
My conception of our duty to you, and I fully recog- 
nize that we must put before you an understandable 


case. That philosophy, it seems to me, is to be 


found in the spirit of your rulings, in the ancilliary 


statements that you made,where you required or you 
requested that there be made available to the Native 
people of the Mackenzie Valley broadcasts in their 
own language of the proceedings of this Inquiry. 
Now, these problems are 
scientific problems. My conception of the role of 
Commission Counsel is that he has a staff to analyse 
the validity of these technical concerns. They are 
concerns that have been expressed and rightly ex- 
pressedad I feel it is our duty to deal with, but 
they can only be dealt with on a scientific basis in 


scientific terms. 


Now, i could ask Dr. Clark 
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Slusarchuk, Morgenstern, Cooper 
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to go over to page 9 and try and give us a lecture 


| 
| 
| 
on the meaning of these terms which I am sure are | 





readily understood by Mr. Scott's scientific advisors.| 

| 
If there is an attack on them we may have to come i 
down to this, but surely if they are not controversial 
scientifically, it seems to me, sir, unless you direct | 
otherwise, that it is good enough to deal with | 


scientific issues by --in scientific language, which 





may not be understandable to me or to Mr. Scott or even, 
indeed to Pas If controversy develope around then, 
then perhaps we have totry and reduce them to language 
more understandable to the layman. If you wish me 
to do that now, sir, I will go back to page 9 and I 
will do my best with the panel. 

MR SCOLT ss Mrs SONNE TEES 


could I give two examples. Mr. Genest first suggests 


that we are going to have to submit to a scientific 





lecture and while I am quite prepared for that, it 


seems to me it is not quite that complex. The 





two experts who have departed from the transcript, 
have bean able, I think, to in concepts even I can 
Manage, to explan some of the problems and to 
elucidate them, that is extremely useful and this 
is not a debate betwean scientists, it is a public 
hearing and I would have thought that that is the 
obligation of my friend, but two examples of what 
can be done for example, on page 11 the response 
quotes a summary -- a summay portion of a paper 

by Pufahl et al’ and says, "...the behaviour 


a 
of the cuts need not be/serious impediment to the 
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| 
| 
| 
| 
routing of transportation arteries across permafrost", | 


and that obviously is a conclusion that formed -- that | 
{ 


i 


is relied upon by the applicant. Well, you know, one 
asks the question whyand I am quite certain that | 


Dr. Morgenstern or whoever can tell us why that con- 





clusion was achieved, what the characteristics of the 


cuts are that lead to that conclusion. 
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Hardy ,Williams 
: In Chief | 
It will at least make that sen+ 
2 : . 
tence explicable. On the following page we aretold 
3 
‘at the last sentence just because it's convenient, | 
4 
that an example of such a method dealing with creep, 
3 | 
I gather is the mechanical separation of the pipe from | 
6 { 
| the surrounding soil. Now I'm sure one member of the | 
7 | 
panel can tell us what is meant by that. I don't know 
8 
what mechanical separation means. : 
9 
MR. GENEST: Dr. Clark just | 
10 | s 
did. 
dl 
| MR FOCOLl:(Gimusorry. 
12 | 
| MR. GENEST: What he was 
13 
just reading, he added to that an explanation. 
14 | 
MR. SCOTT: Well then, I'm 
15 | 
SOrry, eu sacdn eS heareit, but Miche did: add it, it | 
| 
16 
| shows that by adding to the transcript as we go | 
17 
along we can get a fuller understanding of what is | 
18 
contemplated. I would hope that could be done. | 
SES) 
MR. GENEST: Well, sir, I'm 
20 
in your hands. I don't want to create a row or make | 
21 
anybody unhappy, and if you would like me to go back 
2 
to page 9 and try my hand with Dr. Clark to see what 
23 
we're getting at here, I'm quite willing to try. It 
24 
seems to me, though, that we're dealing with detailed 
25 
technical scientific concerns, the best way to deal 
26 
with it is to put it on the record and the Commission 
9 | | 
| counsel's own scientific advisors can then make a | 
28 ; 
judgment on it. | 
20 
THE COMMISSIONER: Well, I 
30 


think that certainly in the first instance, Mr. Genest 
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the obligation lies upon you to adduce evidence that 
makes these scientific propositions clear so far as 
that is possible to me, and to everybody else who is 
listening to you and to the witnesses that you are 


calling. I thought that that was your intention and 


} 
| 
} 
| 
| 





| 
| 
! 
| 


£ thought certainly this morning that you were succeed- 


ing in that endeavor because the presentations by 
Dr. Slusarchuk and Dr. Morgens tern were obviously 
designed to make this scientific material understand- 


able to those of us who are not engineers. 


Now you have lapsed. from that 


laudable aim in dealing with the concerns related 
to slope stability that the Assessment Group raised 
at pages 9 and 10. I would be inclined for the time. 
being to allow that to remain as an exception to the 
general rule and to allow you to proceed and if at 
the adjournment at least, if when we reconvene it 
is Mr. Scott's view that he stillwishes those matters 
to be explained in the first instance by Dr. Clark 
or some other member of the panel, in the same way 
that Doctors ae epyan fy and Slusarchuk explained 
their specialties earlier today, then I think I will 
require you to do that. | 

MR. GENEST: That's fine, 
sir. 

THE COMMISSIONER: Maybe 
Dr. Clark isn't altogether. prepared to do that at 
this stage, and I think it might be wise if we let 


Mr. Scott consider the matter at the adjournment and 


i 
{ 
| 
| 
! 
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then=youland Drs Clharkucouldt=- 

MR. GENEST: Fine, sir. I 
mght add that we have two more presentations of the 
kind put forward by Dr. Morgenstern and Dr. Slusarchuk, 
one dealing with river crossings and the other with 

control. | 
drainage and erosion Really I think that in this 
area, pages 9 and 10,with perhaps the little addition | 
| 
that Mr. Scott made on page 11 are the only problem 
areas in that regard. 

THE COMMISSIONER: But let me 

make it clear that so far as I am concerned, I want 


the evidence adduced by any party to be understood. 


itwant to@understand it ,tand’so far I have, I think, 





succeeded in that aim; but I want everybody else to 
understand it and because we have broadcasts in | 
English and in the native languages, each day, this 
Material should be understood by the broadcasters. 
May I add that it seems to 
me that as a general rule in life, anyone who really 
knows what he's talking about can make himself under- 
stood in words of one syllable. You mentioned the 
theory of relativity. I saw Jacob Ramounski explain 
that on television a few months ago,in a way that 
led me to believe that I understood it at the time, 
and you know yourself, Mr. Genest, that if the lawvers | 
here started talking about res ipso loquitor and | 
caveat emptor, that you and I who believe in putting 
these things plainly as plain men would be concerned 


would 
in that we/soon put a stop to it. Well, I think the 





| 


same rule applies to any discipline and I'm glad Mr. | 
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technique of mechanical separation of pipe from 


Hardy ,Williams 
In Chief 
t Scott raised this because I think we should try to | 
proceed in that way throughout. But we'll leave C over | 
3 V for the moment and press on to other matters. | 
4 MR. GENEST: All right,sir. | 
> May I ask then perhaps to cover one of Mr. Scott's | 
a concerns, taking back the panel to page 11 where | 
7 we discussed cut slopes and the quotation from a | 
e | report quoted by the Pipeline Assessment Group to the | 
2 effect that the behaviour of cuts need not be a | 
10 serious impediment to the routing of transportation | 
Ah arteries across permafrost. | 
12 Q Would you, Dr. Morgenster 
43 or Dro lLark, expand on that 2 | 
of WITNESS MORGENSTERN: I'm one 
43 | of the et al sothat I have some knowledge of the nenone 
_ in detail. The study was a study to investigate arn 
uy highway cuts in permafrost in Canada and Alaska that 
he we could get access to. People went to the field for 
18 several months and investigated the terrain conditions, 
! investigated how they were behaving, investigated | 
at some of the stabilization measures that have been 
ae implemented and I showed ais of these in my presenta- 
23 tions, and on the basis of that exposure to all of the 
24 cuts, and I think all the cuts of any significance, of jany 
iad note, certainly all the cuts we find, that conclusion 
a emerged. It was based then on as comprehensive a 
i field program as could be put together. 
an Q And Dr. Clark, -can. 1 
= ask you to repeat for the benefit of Mr.Scott the 
30) 
| 
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; surrounding soil to account for creep? I don't 
‘ rerer “torre =scott by vthact-Last term. 
‘ (LAUGHTER) | 
WITNESS CLARK: What is intended 
: here™s“ that, first of all, as Dr. Morgenstern | 
4 referred to in discussing creep, the stabilization | 
; measures themselves inhibit creep, such as a berm | 
: illustrated at the Great Bear River, but if we found free 
a there was creep of engineering Significance, it would 
|. be a procedure of placing a sleeve around the pipe 
. so that the soil does not bond to the pipe. It would 
os bond to the sleeve, and there would be down-slope 
o movement perhaps of the soil, and it would carry 
wn the sleeve with it but it would not impart a stress 
- to the pipe. Ts that’ clear , sir? | 
at ME. SCOTT: No: | 
. A Well, let"s start with ! 
‘6 the pipe itself. Now before the backfill is placed, ! 
a in fact before the pipe is placed, we have put a 
a thin shell around it and there would be an anular 
os space between the pipeline and the shell and 
oe that could be filled with a lubricant, any of the 
a common lubricants, so that as that shell moves with 
s the soil, the pipe stays behind. The soil does not 
ot have direct contact to the pipe, it's mechanically 
i separated from the pipe so that it wouldn't transfer : 
a loads to the pipe. 
ae If you can visualize one | 





ring consisting of the pipe, and an outer ring con- 
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Sisting of this shell and it's this outer ring that's | 
| 

in contact with the soil rather than the pipe. If that; 





Wanted to move, it could move over and down the pipe 
and the pipe would remain where it is,without carrying 
any load from the soil. | 
COMMISSITONERWell, the reason 
that I didn't understand you the first time was that | 
the explanation was so simple. I was looking for 


something more difficult. 





MR.GENEST: I may say, sir, 
that I don't want to leave Mr. Scott with any bad 
feeling,that. in my view at least, Commission counsel 
perhaps has a different role here than others, he's 
here to help and if there are instances,where in his 
view something isn't clear, I would certainly not 


object to an interjection by him to help clear up a 


matter that may have been explained to me the night 
before and I may have assumed too much knowledge, and 
I would treat his intervention much as I treat yours, 
sir. They're welcome because they help to clarify 

you 


issues. So I don't want to give’ the impression that 


I'm on my feet with my fists up. 





THE COMMISSIONER: I wish 
LOLeav, Dr Clark, forstne benefit of you and your 
colleagues, this Inquiry will be going into all of 
these communities, including, for instance, Fort 
Norman, and the people there will express to us what- 
ever concern they have about that river crossing near 
to their village, and we want to be able to consider 


what they have to say to us in the light of what you 
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have said. We also want the broadcaster who broadcasts 


in the language that the people speak at Fort Norman, 
to be able to inform them on the basis ne what he has 
heard here, inform them of the essence, so to speak, 
of what you and your colleagues have said. That's | 
why we're stopping and trying to sort this out Paden 
It's not that -- I trust you and your colleagues | 
realige it's no reflection on you and your colleagues | 
in any way. This is an Inquiry which is seeking to | 
inform the people throughout this valley of what is 
being said here, and that isn't easy. Well, carry on 
then. | 
MR. GENEST: Thank you, sir. | 
Q I'd like to move along 


to the section now on river crossings, Dr. Clark. 
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‘| In Chief 

| A This is one area, sir, 

3 where a number of responses have been submitted to 

‘ these concerns. Up to now, I have been trying to 

| add where possible supplemental response, if you like, 
| that have come out since we received the report. We 

Al first received the questions and we responded to those 
| questzons. Then we received the report, and we identi- | 
fied certain areas there that hadn't been asked of us | 
|| before, and we have throughout here tried to respond 
Hil to some of the other issues. | 
al Before leaving our old, friend, 
a C sub V, we are prepared to attempt to put this ina 
oh form that can be simply understood, and we'll do so | 
_ if required by yourself and Mr. Genest. | 
7 There are, throughout the | 
oil remainder of this, I don't think too many more areas | 
i that are that technical that they, supplemented | 
— by what we are trying to do with our slide presenta- 
“ tion to make it more comprehensible,that should 
of be perhaps as incomprehensible as C sub V is. However, 
~~ when the question posed to us concerned C sub V, we | 
= felt we had to talk about C sub V, and to sit and lis- 
ey ten to that, sir, I'm sure the tediousness of that 

pe il could only be exceeded by sitting and reading it. 

26 | With respect to river | 
— crossings, the first concern relates to sediment | 
bel movement, concerns. expressed about the effect of 

” temporary increase in suspended sediment resulting 

| from construction Cti¥i ties js was one that came out 
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in the questbns and it's addressed, as far as possible, 
in response to question 42, paragraph 1, of the | 
request for supplementary information. We believe that 
with the careful design and construction control the | 


f 
| 
1 
! 
i 


installation of river and stream crossings shouldnot 


have a serious adverse effect on the stream environment. 
Q Are we going to be | 
dealing with these design -- 
A Yes sir, Dr. Hollingshead 
| 
and Dr. Cooper will be presenting a slide illustrated 


discussion of many of these aspects that I'm going to | 
present our response to the concerns beforehand. 

Next is dispersal of toxic 
Substances, PAAG is concerned that other pollutants 
such as petrol, oil and lubricants, warm water, | 
methanol, may enter the river system during construc- 
tion. This concern is answered by a response to | 
question 40 and 53 of those requests for Bae erence 
information. 

Q Well, perhaps we could 
turn to those responses, 40, stated as background, 
if I could just summarize it, that test fluids, the 


waste test fluids could cause danger and there is 


some information required to the effect that you're 





asked to provide information of the probable residues | 
in the pipeline test fluide , the locations and | 
times of year when disposal would occur, the procedures 
to be used to lower the content of such residues to | 


i 
i 
\ 


acceptable levels and the precautions that are Brepnes 
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so that the volumes of fluid discharged into a water 
course would not harm fish or other aquatic organisns. | 
The answer appears at page 40-1, could you summarize | 
vs ae us, Dr. Clark, or is that dangerous? 

A Well, it's slightly over 
a page and I'm sure it has been read by those that have 
expressed this concern. It would be dangerous, in any | 
event, to summarize these in a few succinct words, but | 
with respect to warm water testing, the last paragraph, 
the volume per se of water is not expected to be 
harmful to any aquatic life. It may be possibile in 


some cases that water which is deficiant in oxygen must 


be disposed of. In any event or in such event, appli- 





cant proposes to aerate by spraying at the disposal 


site, and what this means is that the water when it 


is disposed of would be broken up into a fine spray, 
so that when it goes through the air it picks up 
oxygen ahd would not be deficient in oxygen by the 


time it reaches the water course. 





Q Then we have a concern with 


the water freeze depressant mixture. That, I understand 


A Yes sir, methanol. 
Q That's the anti-freeze that 


we propose to ‘use? 


A Yes: | 
Q And that is for the pur- 
pose -- we're getting ahead of ourselves but that's 


going to be used before the pipeline goes into opera- 


tion? 
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ai 
A That's used for testing | 
: of the pipe. : 
a : ' 
Q To test its integrity? | 
4 
A Yes sir. 
Ss ) 
Q That's a short answer, 
6 
perhaps you could. read it. 
71 
| MRS SCOTT echt 1 may interrupt; | 
8 | ‘ 
| Mr. Genest, I take it that these two subject will be | 
9 ' 
dealt with also in Phase 2? 
10 
MR. GENEST: Yes. 
oat 
MR. SCOTT: It comes as some 
12 ! : 
surprise to us that they dealt with it here, and I | 
y3 ; 
presume he will be producing a panel at Phase 2 that | 
14 a sae | 
will be able to deal with it. 
15 a 
| MR. GENEST: There's no pleasing 
16 é 
him today. | 
7 
A As I pointed out at the 
18 
outset, Mr. Genest, many of these things do fall 
19 
in) Phase 2. I think I said that -- 
20 
Q : s Ves, you did. 
21 
A -- back at page 1. We 
212 
have difficulty, sir, I'm sure you will appreciate it, 
23 
drawing a distinct line between Phase 1 and Phase 2. 
24 
These are areas, all of these questions or responses 
25 
that I listed at the outset, there was some geoteshnica 
26 
input, geotechnical inthe sense that it involved our 
27 
river engineers, our slope stability, drainage and 
28 COnNLLOL : 
erosion/people and so on. 











29 
Q Yes, there will be some 
30 of that 
== more disussion /with the next panel when metallurgy will 
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be discussed, testing proc edures. Perhaps I will leave. 


Out reading into the record that answer. That brings 
us to channel constriction, Dr. Clark. 

A PAAG is concerned that 
the proposed construction work pads will restrict 
channel cross-sections and increase flow velocity. 

Q Before you go to the 


response, could you explain a little more what a 


channel restriction is? What are the proposed construc- 


tion work pads that we're tdking about? 


A Well, at river crossings, 


for example we looked at the Great Bear crossing, there! 


would be a temporary pad built out on the bottom for 
equipment, storage, pipe and so on, or Be tee, 
and it would be -- the pipeline would be laid across 
the river and this pad that is there is probably 
constructed of gravel, gravel incidentally which would 
probably be used for bank protection afterwards, or 
Stabilization, if required. That is removed from the 
river after construction. Dr. Hollingshead will be 
able to illustrate some of these features in his 
discussion on slides, which I believe should be self- 
evident. 

Q Now your response Says 
-- refers us to the answer to question 44. 

A Tats rignt,. sar. 

Q And where the information 
was required was to provide evidence that temporary 


structures described in the above-mentioned section 
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2 | 
-- which were the work pads you just referred to. -- | 

















3 would have no serious deterrent effects upon fish 
4 migrations and would not induce a long term reduction, 
2 in fish populations. | 
6 A Yes sir, and we've : 
a attempted ce identify, for example, the length of | 
| 
a work pad or length of b erm,construction berm, what | 
2 the discharge is, how the increase -- how the dischargq 
2 or flow velocity would be increased forthe period that | 
a that berm is n there, and this also had input from | 
22 the fish biologists and again covers both Phase 1 and | 
id Phase 2 areas. | 
14 | 
| Perhaps Dr. Hollingshead | 
i could have some comments on that. 
ae | WITNESS HOLLINGSHEAD: Yes, | 
u the reason I think it might be well to speak to this : 
a8 problem now is I'm not sure I have the slide that | 
i can show you readily when we get to that stage. It 
22 was because of a concern for the stability of the 
e| slope which you are looking at on the seene when 
ae Dr. Morgenstern was addressing the Great Bear slope, 
a potential slope problems there. We decided or con- 
al sidered it would be a good idea to minimizd the 
ne cutting into that slope, An alternative mode of 
: installing the crossing, because the channel is very | 
sk | shallow on the opposite side for about half the way | 
> 
e across the river, six to 800 feet, it's very shallow, 
"7 in the order of five feet, because of that shallow 
30 


depth of water, it was considered reasonable, feasible 







| ‘os ceriel ar zevh woy ake 
} _ is 

mots rio 3 ere eae 9 oY Bs 
pas ty Gana 
noLiorbes Anse Piet s ithe: 4 pe baw | 


stan 


ay “ow Das 24a gay A ad 
fe ors — 


io dtroet. sett » Shere 26% Uhideaies eo botgmodds 

sote .med netsoriedaojmre 1 Fo cishibevtsL © baq drow 
botedoest nit WOle gee oTsnd set wp) pee erp'se iva tly arty 
' derkd Solaeq sebtad? beesotond sat BRON yainolav wolt aD 
ond sudan bed cals oie. hie vat a al mtoed tent 
one . séedi fizved eusvos Aiops, bag Afatuutate Ness ony 
nlite weiss S onndta 


; = 
js’ oo arteimes ease eved Blooo 


S£geFooniffol «10 eygériynt 


(2C3Y :OARSRROELLION, cdaziirin 


eicdj os *eene oo ilew sd JAeinm J& dual T epdses on 
, a 

tect abule 4wir, seat T slue Jor as et wor necten 
Jl 0 6-Sphde gern? ut ep. sw Asty ayers vey wore ABD 


ent to viéiodesye odd nek @iasno 6 be SBinoed eaw 
én i 

i Ao d+. eitoer Gite voy ath ket eqole 
isqole 2208 (nai) wi PasaBAIENS asw arity hae? = 
“Abo to bsbloeh aw) ase, slog mgole salen. 


eis bari tim oa babi boop Se. Blzow ai berate 


— tl El a A 
i | 
_ 


| »WOollade Yaem 
wal lend! 


eidiegoe? ol dpnone 








Zane 


ALEWESCT REPORTING L-tb: 
BURNABY 2, B.C. 


ao 


30 

















Clark,Hollingshead,McRoberts 
Slusarchuk ,Morgenstern ,Cooper 
Hardy ,Williams 

In Chief 





to install the pipe at that location from a work 
berm or work pad which would in effect tick out into 
the river. Our fish biologist friends looked at this 


and were somewhat concerned about what that might do 


to the velocities in the river, and the question which 


is answered, that is question No. 44, the answer in 
this orange book,simply illustrates that the increases 
in velocity and in stage, that is river level created 
by this corstriction in the river, really are not 
Significant and in fact at the Great Bear would 


increase the velocities in the order of some 20% to 


something like five feet per second, and that velocity, 


of course, would only extend over that reach of river 


which is in the immediate vicinity of crossing. 





Q We'll hear from the fish | 


consultant on how that affects fish. Sir, I'd like 
to move on to a Pipeline Assessment Group concern 
with reference to icings. 

WITNESS CLARK: Yes sir. The 
PAAG is concerned that the pipeline construction and 
operation activities may induce local new icings 
at minor river crossings. 

THE COMMISSIONER: Excuse me, 
just so we understand each other, an icing is an 
ice jam, is that -- 

A No sir, this is where 
water, for instance, flowing in the bed of the river, 
would be forced by some reason to the surface and 


accumulates on top of the normal river ice. 
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Q Wes ;, that's mirght. 
Somebody did say that, excuse me. 

A Our response tofhis 
concern, it's agreed that operation of the chilled 
pipeline by itself could induce new icings at some 
Minor river crossings. These in themselves are not 
viewed to be a serious problem either to the pipeline 


or to the environment. 
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I However, if the creatinn | 
a of such an icing will seriously deplete the winter | 
; water supply to fish overwintering area, measures | 
% can be taken to insure that the ground water continués 
; to pass through the frost bulb around the pipe. | 
6 | Q How do you do that, | 
‘| DeniGlavk Zz | 
g | Pet Could 
| A set - the scene where 
- we have a river crossing with a relatively shallow | 
Lu bed of gravel which is carrying water down stream to 
se overwintering areas and wien we put a pipeline in 
Ue that gravel and the pipeline wants to freeze off 
> the gravel, the way that we propose to deal with this | 
hind | 1S: £6 put in a -- in simple terms -- a culvert system, 
| that would pick water upstream out of the zone of 
aed | influence, carry it through thet+rozen bulb in an | 
me insulated pipe and redistribute it downstream, immed- 
‘a iately downstream from the pipe so that the water | 
a thet would normally be blocked off and might come to : 
si the surface and create an icing, would be collected here 
aa on the upstream side,conducted through the zone influ- 
ee ence by frost where it would not freeze because of the 
ae insulation and redeposit it on the downstream side. 
= At the present time there are 
un only a few known overwintering areas located downstrea 
ae of a pipeline crossing. 
aay The next aspect of this, the 
= concern for accelerated lateral migration -- 
= Q What is that --? 
30 


| A -- is recognized. This is 
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Hardy, Williams, -- In Chief | 


the increased widening of a river or movement of a 
river bank which I believe will be clearly illustrated 
by Dr. Hollingshead and Dr. Cooper. | 
Now, in the final design 

we allow for some accelerated erosion to occur without | 
endangering the pipeline. This means that sag points | 
that we defined yesterday are put back so that if | 
lateral migration does occur, they will not be 


exposed. If, however, the lateral migration would 


measures to put in to inhibit it and one of these 


| 
| 
| 
| 
appear to be excessive, there are adequate control | 
| 
would be reinforcing the bank with gravel or rip- | 


rap as we discussed before. 


The next PAAG concern deals 


with local bed scour. The PAAG expresses concern about 
the accuracy and reliability of scour predictions. | 
We appreciate this concern and recognize that given | 
the present state of knowledge a high level of | 
engineering judgment is required in making estimates 
of potential scour depth. However as a result of 
recent studies initiated by this project and 

the gue ge Goncaecn: Significant advances have 

been made, particularly with respect to braided 
gravel rivers which are prevalent along the proposed 
route and without going into all of these, sir, these 


will also be illustrated by Dr. Cooper. 


PAAG makes reference to a 





figure shown in one of the exhibits, section 
14.D.N43-2. It is true that this figure has not | 


been and would not be used for design purposes in all 
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instances. The rationale and procedure for calculating 
| dépth of scour under open water > conditions are astai len 
: in the response to questions 36 and 37 of the 
request for supplementary information. 
4 Q Now, is this going to be, 
| dealt with by -- | 
7| A Yes, sir, this willbe 
-) included in the *slide presentation ‘and discussion. | 
A Q All right, so we do | 
| not need to go to the specific responses at this time. 
- A I believe it would be 
at covered in a clear way. 
13) Q Right. | 
= A Now, although | 
A preliminaty designs have been based on the potential : 
ts for srour under open water conditions, it is recog- | 
a nized that local river bed scour associated with the | 
i formation and the release of a severe ice jam is an | 
oe important consideration in the design of a buried 
id river crossing and I can assure you that we will | 
ha see some exceptionally interesting slides on the devel- 
a opment of ice jams, sir. 
+ Now, this is particularly 
ae true for the crossing of the Mackenzie River, with 
a a potential depth and extent of bed scour has 
he been given detailed study in both the field and in 
| office. For the most severe ice jamming conditions | 
“1 tht are considered Sorsrere} these studies indicate : 
Jz that safe crossings can be constructed although a | 
a2 | comparatively deep burial will be required. Dr. | 
| 
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Hardy, Williams, - - IN Chief 
- Cooper will illustrate this. 
- Now, Mr. Commissioner, you | 
; asked about permafrost under the rivers, there was | 
: a soils drilling program at major river crossings 
| being conducted at about the time of the application. 
6 | The information was not available in time to put | 
"| on the drawings that were submitted with the appli- 
By cation. The results of this program, including 
a the logs of the holes which were drilled into the | 
- channel bed are shown on the design drawings submitted 
; with the east of Fort Simpson amendments, in other 
“s, words, we took advantage of this opportunity to tones 
af those other drawings by including the soil profiles. | 
= Now, PAAG also expressed concerns Blative to the | 
a2 Burnt Island and Liard crossings and the recent route 
a revision eliminates both of these crossings. | 
17 | The next concern relates ! 
ty to general degradation of the bed which may result | 
from pipeline related activities and again, Dr. 
nd Cooper will demonstrate what is meant by general 
“i degradation. We recognize that this occurs in some 
circumstances. This is fully considered as part | 
7 of the regime analysis which is an integral part of | 
oe the crossing design: process. -- | 
=| Q What does that mean, 
Aa Dr. -€ Fark? | 
” | 
| A In analysing the 
= regime, one takes into Soceuite alleofrthec factors 
ed that affect the nature of the flow pf a river 
30 


through any given stretch. Such factors as how much 
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bed material can it carry, how much suspended material 
Dageit Cally, 
how much scour and so on. 
Q This you doon a river 
by river basis as you are doing your final design? 
A Yess SUT. 
And examples of 
design will be illustrated. There is no intention 
of course of permitting pipeline related activities to 
upset the regime of a river or endanger the security 
of a crossing through general bed degradation. IN 
other words, I am saying that this is a very important 
consideration in design and will be incorporated into 
the design. It cannot tolerate general bed degrada- 
toon . 
NOw, the rext concern 
relates to lateral migration of the channel and it has 
bean pointed out that this can expose or wash out the 
pipe. We also recognize that this is a natural process 
and we have taken this into account in design. WE 
would alsoi1 make reference to thermal niching -- 
N.I.C.H.I.N.G., this is the melting out of soil 
below the bank and creating a niche in the bank 
leading in some cases to what Dr. Morgenstern described 
as fall. Dr. Cooper will be addressing this process. 
In locating the sag points, however,in the design, 
they are located back into the banks or a sufficient 
distance so that they will be unaffected by such pro- 
cesses or the banks of the river are protected from 
exposure to these mechanisms by again rip-rap or 


a bank armouring as we refer to it. 
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Now, the channel banks will 
be rebuilt and stabilized and there is a dsign 
illustrated for the first river crossing in the response 
to question 42. "Bank armouring and river training | 
works will be used where necessary to ensure that 


the pipeline does not become exposed." 


The next is part of a concern 
or an observation made by PAAG,as stated by PAAG, 


we have recognized the potential -- 


Q That is on channelization 





A On channelization. 
Q What is that? 
A Channelization is a 
redirection of the river to flow, for instance, 
along the pipeline where it crossings a river, 


for example, in a braided stream, that one of the 


the design must insure that this does not happen. 


| 
channels may redirect itself along the pipeline and | 
Q What are the solutions | 


that you proposed that were referred to by the Pipeling 


Assessment Group? 


A These are given in some 
detail in volumes II, III and IV of the reference 
book of water crossings and in the Blench report 
which is included in Appendix "C" on design criteria. 

Q Without going into each | 
and everyone of them could you describe them 


briefly. 


A Dr. Cooper can amplify 
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: on some of thse. | 
zi | WITNESS COOPER: 
? A As Dr. Clark mentioned, : 
: channelization is normally a problem where we get | 
2 channels shifting from their existing course to right ! 
é| along the pipeline right-of-way and flowing down the 
7 pipeline right-of-way. In that respect we get the | 
_ potential for scour over a considerable length 
” of the pipeline. Now, the most common method for 
ant eliminating this -- eliminating the possibility is to 
al make your river crossings essentially at right angles | 
A to the flow of the river. This is being done in 
a almost all instances on this pipeline as opposed to, | 
& for example, the Aleyska Pipeline, which because of 
rl their route they had to parallel rivers. The only 
sal case on this line where? we are paralleling rivers | 
ee isin Alaska on the Canning River where we have to 
ri go right down that valley, but in all cases in | 
ae Canada, we are crossing the river system essentially 
2 at right angles. Consequently the flow is going 
a directly across the pipeline and there is no slope 
a advantage for it to flow down the pipeline. | 
Pe Where there might be a 
oe slight angle to a floodplain or there might be some 
a high water channels within a floodplain, channels could 
al develop over the pipeline in a region where it would 
ia possibly not be deeply buried. Then we would employ 
id one of several possible river training structures to | 
nd prevent the channels from shifting to these high | 
ait water areas. Now, those are essentially the two methods|! 
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: that are employed on this route. 
; Q What are river 
3 training structures, Dr. Cooper? | 
4 | A Well, I think the best 
: way to illustrate with the example that I gave.if 
a we can visualize a braided river, and we have got 
a an active channel area that, of course,we are crossing 
= in a deep bury mode. We then have some floodplains , 
7 which may contain one or two high water channels. | 
ry Now we would. have to look at the possibility of | 
s flow diverting into those high water channels and 
me conanelizing across the pipeline and essentially 
aT scouring them out. We may choose in design to block | 
+4 offthese channels and we would BE Eee fo | 
a2 | a low rock weir in them to prevent flow from develooang 
a4 in those channels. 
sy : 
18 | 
19 
20 
| 
22 | 
23 
24 
pes 
Hf 
27 
28 
29 | 
| 
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: WITNESS CLARK: -/ The channels,| 
the high water channels that he's talking about, only | 


Carry water during the flood stage and they could be 
kept from carrying water that would be -- that could 
scour and deepen that channel during that season. 

Q Thank you. You then 
speak of a concern relating to the stability of bank 
approaches. | 

A Yes sir,ar.d this I 
believe has been covered in sufficient detail on the 
presentation that Dr. Morgenstern gave on slope sta- 


bility and in other answers where we talked about 





one of the now well-known parameters. 

Q Moving on then to the 
report,to the concern expressed in the Pipeline 
Assessment Group Report, chapter 8.8 entitled: 

eimpact an valleys: 


What are your comments there? 


A Yes, we can deal with 
it was our intent 
this now, sir. However, 7 to have Dr. Hollings- 


head and Dr. Cooper illustrate these features that 





we have briefly discussed on the response to concerns 
of river crossings, but their illustrations, I'm sure 
will run substantially into the afternoon but we 


can move onto this relatively short response to impact 





in valleys, if you would wish to. 
| 


Q All right, well why don't 
we'do that and then we'll-illustrate it later, 
perhaps, Mr. Commissioner, although we're five 


time of 
minutes or so short of the / 2 ELsing, we are 
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getting into our slides very shortly after this and 

it might be convenient to break after this brief 

statement, if that is satisfactory to my friends. 
These slide shows are hard 

to interrupt. 


THE COMMISSIONER: Yes. Well, 


you're suggesting we adjourn now until this afternoon? 
| 


MR. GENEST: I'm suggesting 
thafperhaps Dr. Clark could deal with pagel8, the impact 
on valleys, and then we rise. | 

THE COMMISSIONER: Yes, 


certainly.Well go ahead then, Dr. Clark. 


WITNESS CLARK: Well, with 
respect to pipeline crossing locations, sir, virtually | 
all of the principles mentioned by the PAAG in 
discussing the location of pipeline crossings are 
accepted as good principles of geotechnical and river 
engineering, and they have been considered in the 
l@ation of the proposed route. There are, of course, 


other factors -- line length, environmental, social | 





factors, for example, which play an important part 
in the final selection, and these -- the route eeiectrar 
per se has already been discussed. Our problem is 

giving an area to design a crossing or select at that 


river the best crossings. Now crossings close to the 





proposed highway would be desirable for reasons | 
mentioned, that is for ease of access. However, points 


where the separation is less than 1,000 feet from the 


| 
highway should be kept to a minimum and the nature of | 
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the terrain may in some instances dictate a much 
greater separation. PAAG mentioned specifically the 
Thunder River. Although the Thunder River crossing 

is not considered to be a poor one, it will be studied 
further as a candidate for possible re-location. I 
Mentioned yesterday that of the 200 or so river 


now 
crossings in Canada, there are approximately eight/where 


{ 
i 
} 


we feel that there will be a possibility of some minor 
re-location and there is one where there is a greater 
One, and this is the Great Bear River, Now while the | 
level of the terrain hginan kobe? te be reduced by re- | 
locating the crossing upstream near the Mackenzie 
Highway, this is relative to the Thunder River, this 


significantly increases the pipeline mileage. Re- ! 


location of the Great Bear crossing is being actively 

investigated at the present time. I mentioned yesterday 
we have crews in the field now that are drilling and | 
Sampling for testing, this will provide us with the | 


detailed analysis of the slope along the lines followed 
| 


through by Dr. Morgenstern this morning, and it would 





then be a case of whether or not it is more economical 


to construct the slope and stabilize it, or perhaps 


to move to another slope. Our philosophy Iing,locatang 
river crossings and crossing slopes is not to cross 

Old slide features. We feel that it is easier to | 
deal with a’ lope that hasn't failed in its geologic | 
past, than to cross one where it has. There are, powevers, 


many Slopes that have failed at some period in their 


geologic history that may well now be stable and would | 
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be unaffected by the pipeline. This is the case at 
the Great Bear. There are old slide features along 
there that Will be investigated to see if it would 
be preferential from a stability point of view. 
MR. GENEST: 

Sir, I had hoped to 
finish this morning. I have perhaps an hour, I 
wouldn't think more, depending on what we do with 


C sub V tomorrow. So if we could rise now? | 


Oh, perhaps before we do, 


sir, I can deal with a matter that was raised by 
Mr. Anthony during his cross-examination of the first 
panel, and that relates to the production by Arctic 

Gas of copies of Minutes of two meetings that were 

held between certain personnel of Arctic Gas, including 
many others, and certain members of the government, at 
least officials in the various departmats of the 
government. I examined the Minutes that we received, 
Sir, they were marked "Confidential" and my understand- 


ing of the -- they were prepared by the government 


representatives at these meetings so I felt - it |: 





my obligation to consult with them. I am informed by | 
the government that they do not choose to, in respect 
of these documents, to assert any claim to privilege 


or assert any objection to their production. They 


do not wish this to prejudice any production -- their 


| 
{ 





position on the production of any other documents of | 
this nature, but as far as-these two documents are 
concerned, they have no objection to my producing them 


and of course I have done, and I have here for MR. 





> | priols seule aptia thos 
—pipaw gi 42/888" oF nda ie ben 


hae 2 e moet inrsmexotene ed 


weiv’ te an tow 






o3 beeot Bert AG i 
I .xnod as neleinnis eve 2. pmirrxanm eumt Matai 
rulw eb ew ferw no paibreged evant! Aad aYinbiuew 
| twan Sait Binet ow Fa oe ss aalaamae 45d ‘dua 3 


.ob gw atoised toasts |. ‘to ; _ 


ya bariay sw tend votten 6 ROEM Eee neo T Sane 


+exiti ante Zo HOksaninKee-REOR ord pith yaodiak mM 


of town yd dolsoubosa. att of esaehee. dent bus ,Leanq 


avew jaca ‘gpakveon ow? 26 eaduWae’ 2e eotues to aso. 


onibufont \aed sito to fansoateg’ nindyeo neewied bier 


gs areaievoe sft to etedmen ntntues ins ,emedto yen 


ofig to axpmrieceh siotiey odd ab eleieitee Senet 


Lbovignas | Jedd sosdnim ois Remimaes I pasninzevop” 
~bovsarebry yt Bur “ ec daab iced" heaane Siew yodt . ite. 


+nenrteyop Perr hersqexa! oxew Yoda, = ait Yo pak 
' ig (Stee. Tine curcivoeit Sebi Se iainostaiet 
i benzotat me 1 mene ddtw 3 





ai ot: veetelg ya 


od Roidmpitdo yn 
angen 92 eis ht ae 


ee : 
——== : — ie = == 

























2406 
ALLWEST REPORTING L-TD. 
a So Clark ,Hollingshead,McRoberts 
Slusarchuk,Morgenstern,Cooper, | 
Hardy ,Williams 
In Chief 


Anthony two sets of minutes, the minutes of the meeting: 
Mackenzie Highway 




















“ of the/discussions held May 5, 1972 with a very large 

. number of participants, and minutes of a meeting of 

4 something called the Mackenzie Highway Sub-Committee, 

>| hell on May 18, 1972 in Ottawa, and I can let Mr. 

ei Anthony have these. 

a THE COMMISSIONER: Well, I 

think they should be marked. | 
: MR. GENEST: If it's the wish 

0 of the Commissioner. | 
“ THE COMMISSIONER: Mr. Scott, 
4 should they be marked? | 
es MR. SCOTT: I'll heave it to | 
te Messrs. Genest and Anthony. I have no -- | 
x MR. GENEST: We have been 

Ag asked to produce them. I can make them available to 

ey Mr. Anthony if he wants to submit themin evidence. 
ded Surely that should be his decision. KGme Pa 
ay MR. ANTHONY: Well, 1 ondertaka/ 
~ either now, which may be more convenient, or at the 
21 time their initial interjection. Perhaps they could" go” 
z THE COMMISSIONER: I think | 
os they should go in now. There's a reason for that, Mr. | 
| Genest. This is a public Inquiry and what you've 

25 


said will no doubt arouse a certain amount of interest || 
26 | that | 
| 





and I would just as soon/they were marked as Exhibits, | 


ae | 
on the public record, and then that's that. 
28 : 
MR. GENEST: Can I hand them 
29 


upyeto »the secretary ? 





aaa | (MINUTES OF MEETING, MAY 5, 1972 MARKED EXHIBIT 74) 
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: (MINUTES OF MEETING, MAY 18, 1972 MARKED EXHIBIT 80) 
4 MR. SCOTT: Perhaps the Minutes 
: of May 5 could be Exhibit 79, and the Minutes of May | 
: 18 will be Exhibit 80. | 
| THE COMMISSIONER: Three 

4 O¥c hock: | 
7| MR. SCOTT: Mr. Commissioner, 

4 the special witness that we were contemplating having | 
this afternoon is not going to be present So at won't i 
A be necessary to interrupt the proceedings. May I | 
| Suggest that we should meet at nine tomorrow? I recogn- 
12 ize that there is some anxiety to get through these | 
ia matters, and we propose to take up at the Counsel Meeting 
* tonight whether there should be an alteration of the 

oa sitting hours. Before doing that and obtaining the 
oy consensus of counsel, I would be reluctant to recommend 
ag any change to you, As you may have observed, the | 
a evidence is very technical and to use a water percola- 
tion phrase, I think, it has to percolate through our 
- heads so that (a) we can understand 2erand: (b)) sso 

= we cah preSare ourselves to answer questions about it. 
| THE COMMISSIONER: Yes. 
x MR. SCOTT: I think if I may 

i respectfully say so, it might be advisable to adhere 
| to the hours that have been fixed, unless there is 

* any violent disagreement here, until the various counsel 
a have had an opportunity tomake comment about then. 

ste THE COMMISSIONER: Well, we'll 
29 


leave it at that for now, but at the Counsel Meeting 


30 
a tonight you will be discussing ways of ensuring that 
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Clark ,Hollingshead,McRoberts, 
STusarchuk ,Morgenstern,Cooper,| 
Hardy ,Williams 
in, CnHver 
we complete the examination of this panel this week? 
MR. SCOTT: I don't see any 
possibility that it can be completed this week. We 
will make every effort to do so but one of the@iffi- 
culties -- and it relates to the second question -- 
is that of course . . for example, indealing with C 
to the V power, or whatever it is, I have available 
technical resources which if they have time, can 
fully explain even to me the impact of that formula 
or whether it has any impact. I presume the other 
counsel who have not been heard from have the same 


facilities. The utilization of those facilities 


require some little time, and it doesn't seem to me 





Thetercecan =—- that there’ should theretore be a change | 
in sitting hours until the various counsel have been 
polled to see how that will advance or handicap their 


presentations to you. | 
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me RST ah eres Clark, Hollingshead, McRoberts 
SBIR FIFI ep Morgenstern, paoper 
Hardy, aber 














| In Chief 

1} | 

2 MR. ANTHONY: | 

f Mr. Commissioner, a ane 

4 may be permitted one comment. ae is the desire of 

5 | the Commission that we have extra sittings this week | 
6 | to pursue the matter, might I suggest that this take | 

i place now while the evidence in chief is being Beit e 

i rather than later on when the time to prepare the cross 

9 examination is more critical. And if there was a desire 
to to institute extra sittings, I for one, would suggest | 
My that perhaps we could go this afternoon to allow the 
iz} evidence in chief to go in rather than to put in extra 
13] sittings when we need the time to prepare cross examinatior 
14 : MR) SCOTT: | 
15 | Well as I say, Mr. | 
16 | Commissioner, if that's the consenus of counsel, I | 
17 | oould have no objection to it, if that's the view. 
18 THE COMMISSIONER: | 
19 Well, how many more oe 
20 of evidence in chief would there likely be Mr. Genest? | 
21 MR. GENEST: | 
22 Well, as I said sir, | 
23 depending on what we do with "c" to the "v", I don't 
Ba | anticipate more than an hour. Perhaps I can poll my 
25 | panel on it. Is that what you would say Dr. Clark? | 
26 | WITNESS CLARK: : 
24 A It would be an hour to : 
28 two hours, sir. | 
29 MR. GENEST: 


30 An hour to two hours. 
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| 
| 
Clark,Hollingshead,McRoberts, | 
Slusarchuk ,Morgenstern,Cooper,. 
Hardy ,Williams | 
in Chiect : 


Then I'm in your hands, I have no objection to carrying 


on this afternoon. 


MR. BAYLY: 


| 
I would suggest we follow 


| 
Mr. Scott's recommendation, because I think it is 


| 


| 


something that probably should be discussed by Counsel,, 

us 
rather than each one of/getting up andputting this sort 
of thing on the record. 


THE COMMISSIONER: 





Well, I guess we'll eal 
it to Counsel. It sounds as though we are in pretty 
good shape, so we will adjourn until nine o'clock 


tomorrow morning. 


(PROCEEDING ADJOURNED TO MARCH 19, 1975) 
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Yellowknife, N.W.T. 
Maecn 19 -a)'9-75 § 
(PROCEEDINGS RESUMED PURSUANT TO ADJOURNMENT) 

MR. SCOTT: Mr. Commissioner, 
Mr. Mercredi of Fort Simpson is here and I propose, if 
you permit -- I've discussed this with him -- that we 
Could hear him briefly at a quarter to one, if that 
will be satisfactory to you. 

THE COMMISSIONER: That will 
be fine. 

MR. GENEST: Mr. Commissioner, 
during the evidence in chief of this -- the beginning 
Of the evidence in chief of this™panely! sir viou 
expressed some interest in the experience or the know- 
ledge that we have been able to gain from visits to 
Russia or contacts with Russian scientists, and I have 
available Mr. Don paetaer from the staff of Canadian 


Arctic Gas, who has returned from a trip to Russia in 


December of 1974. He could assist in that regard either 


now or perhaps when the construction panel is called, 
and in that respect I'm in your hands, sir. 

THE COMMISSIONER: Mr. Scott? 

MR. SCOTT: Mr. Commissioner, 
Mr. Genest was good enough to mention this yesterday. 
I would propose that Mr. Genest be asked in the usual 
way to let us have a summary of what he's going to 
say. I have no particular objection to calling him 
out of place, if it's a matter of very great conven- 
ience; but it may be that without having a summary, 


we are not able to judge whether it will be possible 
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to conduct a cross-examination. 

MROGGENESRee Iielttaenrnot a 
matten7or iconveniien ce? it 4would,, .I 2think) *be 2just %as 
convenient to have him come back. 

MR. SCOTT: Well, may I 
Suggest then that if the other counsel have no objec- 
tion, that in due course Mr. Genest should let us have 
a summary? The reason I'm concerned about it is that 
there is a government report that touches this matter 
and in the course of preparation and it would be use- 
ful to hear Mr. Fielder when that report's available, 
I think, | 

It seems to me it would 
appropriately be part of the construction phase, which 
is just around the corner. 

MRe}GENESD: athat.satines «sare 

MR. SCOTT: Mr. Commissioner, 
can I raise one other matter, mMreaPel tongofs.our 
staff has written to Arctic Gas in January, asking 
for a number of reports, many of which relate to this 
phase. =Some)20,of them, I think, or more than 20, 
have not been provided as yet, and I would wonder, 
without reading out all the numbers of those ECDOrTS), 


at this stage if I could have Mr. Genest's undertaking | 





to see that those reports are available to us before 
cross-examination occurs. Perhaps I shouldgive you the | 
mambersand Theda repor tsi number] 49445156 525y 70,n77,81, 


84511875:88 ,- 89,1 905r 91, 94e-— 


MR. GENEST: Slow down a little, 
when, Sxefereies | 
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1 MR.” SCORDsn Welly, : 44 lah give 

5 you the list. I'm just reading it into the record. 

Bi LIO FS UB QHeUISzw 3948 1405011 4946 él) 203, 21Sr, 24.0», 29:8, 

4 3 O07F 3:0 1A TeB OFT 30 9yeI824 O18 25 ye 3290) 85,0336. B48, 430, 

5 431, 442, 443, 444, 445, 446. Now we're prepared to | 
6 | pay to have these copied in manageable size or attend 

Tl wheve tHaP Raye inspected, or do whatever is necessary to 

8 get access to these at the earliest possible time, and 
9 I'd be grateful for my friend's assistance. 

10 MR. AN THONY: I would like 

1} to direct a comment before we proceed, since Mr. -- 

12 THE COMMISSIONER: Excuse me, | 
13 Mr. Anthony, I can hear you but the reporters may want 
14 it on tape so they can get an accurate record. 

15 MR. ANTHONY: Mr. Commissioner, 
1G I think that Mr. Scott is anxious to obtain co-operation 
1? this morning. I wonder if I may direct a comment to him 
18 and request the co-operation of Commission counsel? 
19 Back in February 18, 1975, I drected a letter to Mr. | 
20 Scott as the counsel responsible for production of | 
Pgh documents on behalf of the Government of Canada, and | 
pee) directing his attention in particular to the ae ariel 
23 list, which excluded the reports of such bodies as the 
24 National Energy Board, The Canadian Transport Commission, 
Case The Northern Transportation Company Limited., and I'm 
26. wondering if Mr. Scott would be able to respond to that. 
ag request and indicate what position, if any, the | 
28 government has taken with respect to our request aie 
fee) ted to him? | 
30 MR. SCOTT: I understand , Mr. | 
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i Commissioner, and indeed I've communicated this to 

2 Mr. Anthony, but I should report for the record that 

6 the government has taken the position that those re- 

4 ports are not covered by the preliminary rulings, as 

5 they are reports of independent agencies. I suggested 
6 mes oe Anthony, I presumed he has written to these 

7 agencies asking for what reports they have. If he 

8 fails to obtain results in that fashion, I'll be | 
9 happy to discuss with him what his remedies are, which | 
10 are also provided in the rulings, and he may want to | 
11 take advantage of one of those remedies as we go along. 
12 MR. ANTHONY: To perhaps | 
a3 assist in moving the matter along, I might say that 
14 we have contacted various of these bodies privately, | 
15 Shall we say, and have obtained generally refusals. 
16 We have been unable to obtain any official teftusal or 
2 wi any statement on an official capacity, and once I have 
18 that perhaps that would be the appropriate time to | 
Lg return to Mr. Scott and to this Commission with any 
20 further requests. | 
21 | MR. GENEST: Sir, I wonder if | 
22 might have a crack, as I said this Morning -aeGe sub 
23 V which would be a return to page 9 of the summary of | 
24 evidence which dealt with a concern in the Pipeline 
25 | Assessment Group listed in Section 2, part 2, page 
26 193 of their report, relating to the method of analysis 
27 that the applicant considers applicable to shallow | 
28 slope failures. | 


JOHN IVOR CLARK 

29 GARRY WOOD HOLLINGSHEAD | 

| EDWARD CHARLES McROBERTS | 
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NORMAN REUBEN MORGENSTERN | 

| RICHARD H. COOPER | 

R.M. HARDY 
GUY LESLIE WILLIAMS, Resumed: 
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Slusarchuk, Morgenstern, Cooper 
Hardy, Williams -- In Chief 


DIRECT EXAMINATION BY MR. GENEST CONTINUED: 
At L.would like.to_ask.Dr. 


2 Morgenstern to try and illustrate this in less tech- 
3 nical language than was provided yesterday. 


4 WITNESS MORGENSTERN: 





5) A I sympathize with my 
6 colleague @Dr3 Glark,iyesterday.,.C.sub Vis. a diffi- 
7\| cult concept to explain very briefly and I hope, sir, 


8 you will bear with me as I take you through some of 








9 the fundamentals of soil mechanics. 

10 The coefficient of consolida- 
aa tion is a parameter that reflects the relative inter- 
eZ action of the deformation of soil and the ability of 
N43) water to get out of it. As water is squeezed out of 
14 the soil under load, the soil deforms and this co- 

LS efficient that we are talking about describes the 

16 interaction of these processes. 

17 Let's begjn first of all with 
18 imagining a dry soil without any water in it and we 
sh, are going to represent it by the simply mechanical 





20 model of a spring. Imagine a rather tightly fitting 
21 piston and we put a load on that piston. There is no 
22 water in the system here and the spring will deform 
ce and carry that load. 

24 eo ilcmaceutrictilonaiameterials. | 
The origin of their strength resides in friction between 
particlesse As:theoskeletoneof, the..soil; takes. more load, | 
deforming and therefore taking load, so the strength 


of the soil increases. 


Now, if we imagine that we 


fill this cavity with water, the interaction of the 
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skeleton now pays attention, takes account of the fact 

that the cavity is full of water. When we put a load 

on the piston, instead of the Spring deforming, in 

fact, the water in this cavity will carry the bad. 

We now are simulating a soil saturated with water 

or a soil recently thawed so that the ice has been 

transformed to water and the over burden pressure, 


the load above our recently thawed soil is being trans+ 


formed to the water, is being carried by the water. | 





The skeleton will not deform because the water is 
stiffer than the skeleton and it will carry the load. | 
Hence, we transfer no load to the skeléon and it is | 
not strengthened through the frictional process. 


Now, this is not altogether 


an appropriate representation of the soil because 








in this model with the tightly fitting piston, the 
water cannot get out. A better representation would 
be to draw a hole, or to sketch a hole in this piston 
that illustrates the porosity or the Capabatity of 


water to drain out of the porous soil under load. 





Now, let us imagine that 
we load our recently thawed soil.At the outset the 
load is carried by the water and not by the skeleton 
of the soil. The water generates pressure in 


| response to the load. The pressure then will 


squeeze water out of the little cavity which repre- 
sents the hydraulic conductivity or permeability or 


Capability of a porous material to transfer water 





under pressure. 





| 
| 
As the water is squeezed out | 
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1 of the soil, there is a transfer of load from the water 
to the skeleton of the soil. Alternately the pressure 
3 in the water will completely dissipate, a certain amount 
4 of fluid will be squeezed out, the soil skeleton will | 
: take all of the load and it will consolidate and | 
| deform. 
7 | Now, in this mechanical model, 
a | we have introduced two physical concepts or two 
2 physical parameters of soil. ONe is the soil charac- | 
10 teristic that this little hole is modelling, the | 
11 hydraulic conductivity that we denote in our symbols | 
Ve by a little “k". The other characteristic Of sthe 
a soil that we have introduced is the deformability of 
— ae spring, the soil is of course not a spring, 
= but it deforms cather as a spring might deform and 
EG we denote -- in our symbols -- we denote the stiffness 
Be or deformability of the spring by a symbol M™,. 
ae The coefficient of the consolidation which controls, 
a for a given thaw situation, the amount of water 
a pressure generated here and the subsequent movement 
os of water out of the soil is the ratio or it is 
on proportionate to the ratio of these two things: 
Se coefficient of consolidation is eqal to ae and the | 
= density of water enters into this, but that is just | 
onl a dimensional issue. These are the two physical | 
2c) ideas: the permeability or capability of water to | 
ay flow under a gradient through the soil and the 
ae compliance, deformation of the soil. | 
29 


The interaction of these two 
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t high or alternatively how long the soil will stay 
4 weak, because if we sustain high water pressures for 
; a long time we do not transfer much load to the soil 


; and it will stay rather weak for a long time following 


thaw. 
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So that this parameter governs 

that process. Now the point that we were addressing 

in the reply to the concern is that the concern did 

a calculation that said that if you reduce this number 

by an order of magnitude, a factor of 10, from the 

Values that we have cited in typical calculations, 

the maintenance of high water pressures in the thawed 

soil would be sustained for a much longer time than 

we have suggested, and the soil will accordingly be 

weaker. The strength of the soil under these thawing 


and consolidating conditions are used in the analytical 





procedures that we adopt for stability calculations. 
Therefore, if you use a much reduced value of the 
co-efficient of consolidation, you would demonstrate 
that slopes that we might have thought stable become 
unstable. 

The response that is addressed 
here is that the argument really should be converted 
the other way, that the value of this co-efficient 
that we cite is certainly the lowest or most conserva- 


tive value of our experience, and there is evidence 





for thawed soils, experiments carried out by work 
done for Aleyeska, the one set of data, other experi- 


ments are cited in supporting reports, that really 





a freshly thawed soil has a lot of cracks in it. 
We saw that the ice formed in lenses,when these | 
lenses are thawed they leave preferred paths that allow 
ready escape of water. This augments or increases the 
size of that hole, or increases the magnitude of 


thageNoeek prethe hydraulic “conductivity of *the “soil, 
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In Chief 

i 

> and the point that we make is really if one were 

3 reflecting more characteristically the properties of | 
4 freshly thawed ground, the argument SHUG sp ene heel 
5 but the co-efficient of consolidation would/be higher 

6 | than the one that we use because the influence of the | 
| structure of the soil,when you consider the cracks 

9 due to former presence of ice, gives you a higher 

9 permeability. | 
oF i hope, that «that .clarifies it 
il Apl inct le, | 
12 DHE «COMMISSIONER: You put | 
13 that very succinctly. I think that sketch should | 
14 be marked, Mr. Genest. 
1s MR. GENEST: Yes, we'll have 

16 | it reduced to non-transparent paper, sir. 

7 Mr. Commissioner, we left off 
18 yesterday at the concern, I think we had dealt ina 
19 general way, which I believe will be illustrated fur- | 
20 ther with impact in valleys, and I was going to turn 
21 now to the question of the concerns contained in | 
52 Sections,or .chapters 8.1, 8.9 and ,8.10 of the Pipeline 
23 Assessment Group Report relating to convex Woy ale icings, 
24 drainage and erosion. Dr. Clark -- | 
25 WITNESS CLARK: Sir, when | 
of we left off yesterday we had just finished addressing 
27 the concerns in 8.7, river crossings, and 8.8, impact | 
29 in valleys, and in discussing the river crossings I 

29 indicated that we would like to illustrate several of 
30 | these features by slides which we would do today, anal | 
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In Chief 

: with your permission, sir, I would like to ask Dr. 

Q Hollingshead to initiate the further discussion, and 

3 illustrate these with slides on this question of river 
: crossings. 
; ain CENEST$ tm sorry, 1 over- 
| looked that. Would that be in order, sir? 

7 THE COMMISSIONER: Yes, 
2 certainly. Please do. | 
2 WITNESS HOLLINGSHEAD: Mr. | 
+0 Commissioner, before I launch into a few slides on | 
= our design procedures with respect to river crossings, | 
Le I thought I might just use one view graph, sir, to | 
13 perhaps put some of the sketches that Dr. Morgenstern 
14 showed you yesterday intOperspective, that is with 

LS respect to the stabilization berm on the Great Bear River. 
16 | Lt seemed to me there might have been a little 
Ay concern or misunderstanding about the relative size 
18 of the structures proposed with respect to the river, | 
et and this view graph perhaps helps to put it in a little 
“a bit better perspective. This is taken actually from | 
a the preliminary design drawings which appear in Section 
te 8.3, which is one of those rather larger volumes, if 
‘2 youwwish to look at. it in more detail, It's very 
sa Similar to the berm that Dr. Morgenstern was Ser oiae 
ey yesterday. I think the important point is that we | 
aa see here the Great Bear River in plan view. This is | 
i the left bank, the higher of the two banks which is | 
He the one which was being addressed yesterday. The | 
on stabilization berm is shown roughly in its proper | 
oe size and shape by the red, as you can see Le 
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does not extend a great deal into the channel itself. 
The channel at that point is about 1,300 feet wide, 
and the berm probably extends into the channel a couple. 
Of hundred feet. Further, the bank does recede there 
a bit and the berm is feathered so that it fits rather | 
nicely with the side of the channel. 
Q You said "feathered", 
Dr. Hollingshead? | 


‘ A Well, tapered back toward$ 


the edge. | 





THE COMMISSIONER: Just before | 
you take that away, it takes the rest of us a moment 
to orient ourselves. 

A This is the Great Bear 
River and I think contrary to what I indicated yester- 
day when you asked about the distance from Fort Norman, | 


it seems to me it's actually probably closer to eight 


to ten miles upstream from Fort Norman. 


Q The stream is flowing | 
down towards -- | 

A Mackenzie, that's right, | 
sir, north being in this general direction. If you 


recall,the discussion was about the south bank or the | 
north facing bank. It is the higher of the two banks, | 
it's about 150 feet high at a SLoperon cabont: 3.66.) ; 

This lower sketch which shows the channel in cross- 

section, actually is at an exaggerated scale, so this 
is not a true scale sketch. As I say, the channel is 
some 13 or 1,400 feet wide at that point. It is very 


Shallow with a depth over this bench on the right side 
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of something like five feet, a deeper sub-channel of 
| about 10-foot depth towards the left side, and then 
another shallow channel. The actual shape of the 


channel is shown by the brown line. 
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Beneath that you will see 


the black line which represents the pipeline and it 
was because of a wish not to cut deeply into the 


permafrost bank that you will note the pipeline 


adopts a position which is very close to the ground 


surface -- 


THE COMMISSIONER: How deep 
is the pipeline beneath'the bed of the river? 
A It is probably about 


at a 10 foot burial depth here. Now, I might just 


also-- 


Q To the top iof the 
pipe or the bottom? 
A The top of the pipe 
I believe is probably about ten foot shown in the 
preliminary design is about 10 foot below the bottom 
of the channel there. i might point out that this 
along with the other major -- so-called major 
crossings were drilled both in the channel as well 
as in the bank and in every case of course, the mid- 
channei borings show that indeed we have unfrozen 
material in the channels. The borings at this 
site of which there were two in the channel, indicate | 
that we have in fact a bedrock condition within a 
eee of feet of the channel bed, so that there is 
about two or three feet of boulder paving under- 
lain by silt stone and clay shale bedrock. And 
for that reason one would not anticipate scour at 
this crossing and in fact it may well be thatthis 


design as it is shown is overly conservative. 
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Slusarchuk, Morgenstern, Cooper 

Hardy, Williams -- In Chief 
Nevertheless, that is just another point that was 
queried yesterday. 

Q You gave us the depths 
of the water on the bed of the north side and on 
the channel on the south side. What time of year 
are you speaking of -- July? 

A Sir, the low water 
condition, the depths to which L referred would 
have been the situation in September, low water 
August - September conditions. I might also point 
out that with respect to the Great BearRiver, 
it is extremely well regulated by . Great Bear Lake 
so that there is not a great fluctuation in flows 
over the course of the year as there might be in most 
of the rivers and streams which are tributary to the 
Mackenzie. In fact, it is an extremely well behaved, 
well regulated river. 

Nevertheless, we show on 
there a design high water level which is considerably 
above the September water level. I might also 
indicate that the dotted red line as shown on the 
shallow bench on the north side, coming down just 
below the 40' high bank repreents one of these 
work pads whih was referred to earlier, and this 
is one situation where we preferred not to cut into 
the slope and hence would propse to build from a 
work pad which would be a temporary structure, as 
I 'said, ‘sticking out into ‘the channel temporarily. 
This would permit one then to fabricate the pipe and 


pull it in fiom that position rather than from a 
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Hardy, Williams -- In Chief 

~ fabrication area up over the bank as one would normally 

2 do. That permits us to bend this pipe rather more 

3 sharply than would otherwise be the case. 

4 MR. GENEST: 

5 Q Dr. Hollingshead, 

e| excuse me, maybe I have missed something. Could you 

7 | put the picutre up a bit? The work pad that you show 

8 is under water,as I understand that? 

9 A Noy lea Pe bhi is? "a | 
lo design high water level -- | 
11 Q Oh, I see, you are just | 
12 showing a sort of a wharf for want of a better word. | 
13 A During the period 
14 of construction which would be mid-summer ,to late 
15 summer, the water level would be down here, there 
16 would be this temporary structure, then, which would 
17 in effect look something like that in plan, would 
18 be used to facilitate construction and then would be 
19 removed following construction. This was mentioned 
20 with respect to the concern for the increased veloci- 
21 ties that may be,had been considered a difficult 
22 problem from the point of view of the fish. 
23 ) And now, sir I would like | 
a to,during the next few minutes, illustrate for | 
PP you our river crossing design procedure. As you know, 
zp the pa@peline does cross several hundred rivers and | 
et streams»from the very smallest to the second largest | 
Ee in North America. IN all cases, however, this 
e? same design objective holds and that is that we 
30 








would bury the pipe to avoid exposure, to avoid 
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exposure of the pipe. What I would like to do now 

is show you a few slides which explains the approach, 
explain for you some of the key terms that we use 

and finally illustrate a typical preliminary design. 
As I have said, the design objective is,in all of the 
buried crossings, is to avoid exposure of the pipe. 
There are perhaps three major considerations, that 

is to protect the pipe against channel processes of 
vertical erosion, to protect the pipe against channel 
processes of horizontal erosion and to provide the 
pipe with weighting against the bouyant effects of ea 
water. 

In “order to -nsure thatthe | 
pipe is not exposed by vertical erosion within the 
channel, it must be buried beneath the estimated 
lowest bed level which may occur during the life of 
the project. Vertical erosion takes two forms 
basically. ..<1tSe Of dil wiere is general-bed degrada-' 
tion which occurs over a long period -- over a long 
reach of river and usually, althoughmt always, | 
over a fairly lng time span, that is a geologic | 


time, not always, but generally, as the river cuts | 
| 


down into its valley. ~ 
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Hardy,Williams 
In Chief 
So that there is not a great fluctuation in flows over 
the course of the year, as there might be.Conversely 
some rivers agrade or build up a bed and in particular 
one might think of the alluvial fans which are common 
in the north, and areas such as deltas. 


The second form is a much more 


localized situation and is referred to as scour, scour-| 
| 





ing, and that -- this action, I might liken to the 
Scooping of holes in a beach as children might commonly | 


Participate in, or pot-holes in a road, that sort of | 





configuration. 

Rivers do not normally natur- 
ally run straight. They naturally meander. Rivers 
naturally meander and this is a meandering tributary 


of the Mackenzie crossed by the pipeline. That is to 





Say that they adopt a winding path but not Oniya a sy ie 
a winding path, but the bends or the meanders tend to 
move with time. The meander loops tend to move 
out and downstream by virtue of the lateral migration. 
erosion on the outside of the bends, and this also 


then would be the -- the outside of the bends is where | 





one might expect to get a scouring action occurring 
as well, unless of course the bed happens to be in | 
Solid rock. If one, however, just thinks in terms of 


a stream flowing in its own alluvium, erodeable 





material, then one would tend to get scouring towards 
the outside of the bends, as well as some lateral 


movement. 





Perhaps this helps to explain 
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Hardy ,Williams 

In Chief 
how or why this occurs. As the flow goes around the 
bend, in a similar manner to an island, the water 


surface adopts a very, very slightly super-elevated 
effect, this induces secondary diving currents at the | 
Outside of the bend. So that the top of the slide ieee! 
we see in plain view the river making its course 

around thie bend, and below that in cross-section the | 
slightly super-elevated effect of the surface and 

the nature of these secondary diving currents, so that 
for instance then, material on the outside bank would 


be -- would tend to be eroded and scour would tend to 


be greatest towards the outside bank. 

The current then carries this 
material across the bed and deposits it on, the inside 
bank downstream. This slide then again is a schematic 
cross-section of the channel and I would suggest the 
easiest way to look at this one is to imagine that you 
are looking downstream and this will put us all in 
the same convention as the river engineer, so that we 
then see on the left-hand side of the slide what is 


normally termed the left bank; on the right-hand side 





of the slide, the right bank. 

If you can hear me without 
the speaker, the left bank, the right bank, and we also 
see on this schematic a designed high-water level which 
in most instances would most meaningfully be the bank | 
load condition, that is the level which is at or just 
above the bank, and this te to be the level which 


controls in most instance the shape of | 
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the channel. in sas trhaaght each .0of jth is, Giver ,..the 
bed level may well look something like the dotted line. 
That depth of channel is the -- is termed the regime 
depth and in simpler language,let's just say that that's 
the mean depth or the average depth in a straight 
reach. As the river flows around the bend though, 
we notice that chances are one would get a deeper 
Scouring action resulting in a deeper bed level on 


towards the outside of the bend, so that one might 








anticipate a channel cross-section that looked somethin 
like that, and this depth then is termed the scour 
depth. The difference between the two is referred to 
2s the net scour. 

Here is our pipeline coming 
across the channel beneath the predicted scour depth, 


and it is by virtue of the experience built up, which 








is referred to as the so-called regime theory which 





permits us to predict this scour depth. In essence, 
what is done is a multiplier or a scour factor is 
applied to the regime depth. This regime depth is 
Le measured by surveying techniques, or calculated 
and then a multiplier in the range of 1 1/2 to 4 times, 
depending upon the channel configuration, the severity | 
of the bend, the nature of the bank and so on, is 
| applied to that regime depth, giving us the scour 
depth. The pipe then is set beneath that predicted 
lowest bed level. Next, please. 
I might just say that I 


think Dr. Cooper will also probably have a few words 
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: | | 
2 to say about that and elaborate a little further on | 
z | 
3 where and how much scour one might anticipate. 
4 This slide shows how a 
5 meandering stream continues to,in some instances, 
6 particularly in a stream which has fine-grained 
| 
| 
~ material on the banks, continues possibly to contort 
3 the bend, a lateral migration moves the bends out and 
becomes more contorted configuration until the 








possibility of a ntural cut-off exists. This again is 
a planned view of a schematic of a et eee eoatotee: 
meander bends. I put this up here to illustrate that 
this is one instance or one natural situation in which 
one might anticipate some general bed degradation over 


a reach of river. As you can see, before the cut- 


off, looking at the profile, it appears the slope of 





the water, the bed level with local scouring at the 


bends, this distance from point 345, having gone around 





this original path, has been shortened to 35, by 
virtue of the cut-off, resulting in a greater slope 
to the channel, and to get itself back into regime 

or back into equilibrium, one will anticipate some 
general bed degradation in that reach. Thus if for 
instance you had a proposed ereeeiae near point 6, 
you would want to be able to predict that eventuality 
to allow for this extra bit of bed degradation which 
may be superimposed upon TaREoIss at scouring in order 
to establish a safe burial. depth at point 6. 

Next, please. 


Unfortunately this is a rathe 
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dark slide, poor slide, but this is a picture of Big 
Smith Creek which again is a tributary of the Mackenzie 
and which the pipeline crosses, but it shows these 

very Ucorrorted moanden Loops, and’ the: potential” for 

a natural cut-off. Next,: please. 

This is a better shot of 

the same sort of possibility, this time the Martin 
which 
River,is south-west of Fort Simpson, again a potential 
cut-off of that meander loop. This then of course 
be cut off and 
ultimately would/become one of these so-called oxbow 
lakes. Next, please. 

Now not all streams develop 
that same very~ contorted meander pattern. ive other 
type of lateral migration or lateral movement results 
in a down-valley shifting of the meander pattern.so 
that here we see at the top of this slide in plan 
view,a meandering stream, flood plain on @ither side, 
the valley walls, out here. The present course of the 
channel is shown by the pair of solid lines, a former 
eeurse’ by the*pair or dotted lines, and you can see 
that the meander pattern is shifting in a downstream 
direction. This is a result of the erosion of material | 
fromthe outside of the bend here, and carrying of that 
material across the bed and deposition on the other 


bank, so that this is new material recently deposited 


in the cross-hatched area,eroded bank. Next. 
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: The lateral migration of the | 
: Channel is part of the regime analysis that we go 

; through and this is assisted in very great measure by | 
; having aerial photography flown in different years vat 
: different times, so that we have -- when we have 

6 | time sequence photography, it is extremely useful in 

ci helping us to predict, if you like, or observe how 

: mach the banks have moved over the past number of : 
: years, and Paeretare predict how much movement is 

ae anticipated over the next several decades}... Here we 

"| see an application of that, I'm. not sure. how clear | 
a Pom bot onahey oniesasida of the room, What you | 
oo can see here, the former Channel of thsSalcha River 
near Fairbanks, that was fre position in JWy of 

5S 1950, and its position in August of 1969 as ale | 
za | of the lateral migration, the moving out of the ber | 
“df moving out of the bend here, a shift something in the | 

| 
- order of, a.chnannel. width, of about 200-250 feet. Here | 
af nearly two channel widths suggests that point has moved 
= out probably 500 feet, in that 19-year periad. Next, 
21 
please. 
ae 
I suggest that there: are 

a Sereee sale two key points in the design of the crossings,| 
7 one is to get the pipe below the predicted lowest 

a bed level; the second key point is to ensure that we 
have this sag bend sufficiently protected, that is 

si sufficiently deep into the bank that it will not 

a be exposed by this Poeer aia mignation. of.the stream. | 
4 Those are probably the two key points in the design. 

a This shows Ee then, looking again -- imagine you're 
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looking downstream at the right bank of a hypothetical 
stream, high water level, the right bank, the pipeline 
coming from beneath the Channel through a sag bend, re 
is being termed a sag bend up the bank, through an 


over-bend and then on its merry way across the country 


at a prescribed depth. 
I've already established 


the top of pipe here by our scour predictions, and we 


would establish, to find this point at the end of the 
horizontal section at the sag point and that is 


established by studying the lateral migration of the 





channel, using aerial photography, knowing what the 
bank material is, the vegetation, its thermal condi- 
tion, etc., establishing that point so that there is 
adequate lateral protection for the pipe as it comes © 
up from beneath the channel. Next, please. 

This itlustrates that’ | 
technique with respect to the Sag River near Prudhoe 
Bay. In plan view again, this is looking at the 
left bank configuration of the Sag River, the river 


is flowing northward.This is the proposed crossing on 





the coastal route and this shows you in the hatched 
dotted line the position of the left bank at that 
crossing in 1955. The solid line shows you the 
position of that left bank in 1971, and as you can see, 
there has been some down-valley shift of that bank 
at this point, as well as erosion in the lateral 


. 


sense. One might then predict that that bend is 





going to,with time,move further down-valley, and 
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1 possibly impinge on the crossing, In addition to that | 
iy there may be further erosion towards the left, possibly 
3 | something in the order of 100 feet in that direction, 
4 so that one wants to then have a good handle on that 
at before you establish your sag point, the point 
. where the pipe will come up beneath the bank. 
7 | Next, please. 
8 | This leaves us with a number 
9 of different alternatives for the design. One alterna- 
10 tive, having looked at that. and studied the situation, 
ll might be to say bury the sag point at a depth a distance 
12 of some 400 feet into the bank. This would presumably 
13 then take care of any eventuality over the life of | 
14 the project. 
15 Alternatively, 1£ that eoeae 
16 | to be an uneconomic or an expensive procedure, expen- | 
17 sive deep burial, one might alternatively propos= =o | 
18 Put that sag point at a depth of 250 feet into the 
19 bank and provide for monitoring procelres and develop 
20 prepared plans for river training works or some other 
21 bank armouring procedure. In other words, reduce the 
22 depth of deep burial which is required, monitor the 
23 bank and have contingency plans prepared to maintain 
24 the channel in its present configuration. Next ; Ee 
a This is a view of the Willow | 
26 | Lake River at the crossing which was proposed prior to 
27 the recent revision east of Fort Simpson. pur this | 
28 up here to give you -- to help us get through the next 
aA slide which May prove to be a little bit more difficult 
30 


than others, but the proposed crossing we're 





see 
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2 | going to see on the next slide, is about at this point, 
| not too far removed from the highway location, and 

4 you're familiar with that bend in the river. It's 

5 a very short distance upstream from the mouth of the 

6 Willow Lake River. NOreNets On EO tne, tere Of the 

5 | stream. Next, please. | 
3 | This 1S a piece of the 

9 Willow Lake River that you were looking at, the view 
10. in that last slide, just looking down on the crossing 
il about here in that general direction. In the upper 
12 right of this slide here,we see a cross-section of 

13 the right bank of the Willow Lake, that is this bank, | 
14 the proposed pipeline coming up from beneath the | 
15 channel into the bank and the design water level. Now if 
16 you can imagine yourself standing in mid-channel and 
17 looking along the pipeline toward the north, that is 

18 you're standing here, looking in towards the right. 

19 bank, you would see that, because this is about a 25- 

20 foot bank, that you would, looking at a section through 
21 that bank,just about at the sag point, at about this : 
52 point here, yau would see roughly 20 feet of silty clay! 
23 overlying a sandy material. There would be a cut | 
24 excavated into that bank and then a ditch in the order 
Pu of {Cee ee from the bottom of the cut, and | 
se here we neat bottom of that ditch,a 4-foot diameter 
ig pipe. ‘his ditch and part of the cut Backfilled with | 
28 native material, and then that native material blanketed 
29 by a two or three-foot blanket of select backfill 





30 material to protect the surface against subsequent -- 
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against any possibility of failure or erosion and 
ey, = 
| sedimentation of the stream. _Built into that surface 
3 
may well be two or three weirs, low mounds across the | 
4 ) | 
Swale, again of select random material which would 
5 
control the down-slope movement of the surface water. 
6 | 
| Next, please. 
7 | | 
THE COMMISSIONER: What are 
od | 
the depths of the various fill materials? 
9 | 
A This is,on this sketch | 
10 
in the order of 20 feet, and we're looking at about 
hl | 
probably another 15 feet here, so that I Suppose ee, 
I? 
7‘ here, sir, and a similar depth ahove that. This 
13 
is a little out of scale. I would anticipate that that | 
14 
blanket would probably be in the order of two to 
15 
three feet. 
16 
Q At what depth is the 
Ly 
pipeline buried at the crossing beneath the river bed? | 
18 
A Beneath the bed it's 
12 
in the order of about ten fet of cover here, and it's 
20 
about 30 feet of cover here. 
22 
Q 30 feet of cover at the 
22 
sag bend. 
23 
A Yes, something of that 
24 
order. 
25 
| The third consideration which 
26 
I referred to in the introduction was the necessity | 
ao 
‘ to weight the pipe against the buoyant effects of 
8 . 
a water. Here we see three possible types of gravity 
restraining measures. The top sketch shows you a piece 
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of pipe which is -- has been coated with a continuous 
concrete coating, for our project this would be in, 
the order of five to six inch concrete coating. It is 
a continuous jacket which would be used in the major 
crossings where we propose to pull the pipe into posi- 
tion in the ditch. It would be reinforced with a 
wire mesh, and it would probably be articulated or 
cut, if you like, at certain specified distances to 
permit the bending. 

Alternatively, in the smaller 
streams, smaller crossings, the pipe would be weighted 


by individual bolt-on weights. That is in situations 


where it is not proposed to pull the pipe into position, 


but rather where you have;yfor instance during the 
winter construction period, no flow, you're working 
off the ice and you would simply walk the pipe in and 
place it in a ditch. You would probably see these 
bolt-on types used. 

The third type that is 
illustrated is referred to as a set-on weight or 
saddle weight, and it would not be used in any river 
crossing application. This would be restricted to use 
in other buoyancy areas, swampy areas and the like. 

Next, please. 

This illustrates the first 


two types of weight that I described, the two-ir.ch 


| 
| 


| 





| 
| 
| 
| 
| 
| 
| 


continuous concrete coating and four individual bolt-on) 


weights at the lead end of ‘a 12-inch gas pipeline, a 
crossing of the Columbia River just downstream from 


radi B,C. 


| 
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Next please. This final 
then 
slide/illustrates for you a number of the things that 
we have talked about. This is a preliminary design 
of the Peel River. Here we see in cross-section the 


Peel River Channel for which the design flow is some 


300,000 cubic feet per second. The low water level 


in September at the time of the survey illustrated here} 


the design high water level at this particular level, 
We see on there the solid white line is the pipe. It 
illustrates the location of the sag point . This 
sketch, although you probably cannot see the detail 
of it,also illustrates the testhole date which 
available at that site with silty clay in 
the banks, clay overlying bedrock at this elevation. 
Within the channel itself silty sand, gravel 
and silty sand overlying glacial bedrock at that 
elevation. 


We see the sizing and so 


_on of the pipe and aleo the extent over which the 


pipe is weighted. 

THE COMMISSIONER: What is 
the width of the crossing of the Peel? 

A At that crossing I 
believe it is some 3,000 feet, probably less than 
that. Just a little over 2,000 -- about 2,400 feet. 

MR. GENEST: Measurec from 
where to where, Dr. Hollingshead? 

A Well, from this point -- 

Q] From the overbends? 


A Roughly between over 


| 
} 
{ 
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bends, about 2,400 to 2,500 feet. 
Thank you very much. 


THE COMMISSIONER: Thank you, 


Dr. Holiingshead. 


WITNESS .CLARK: 

A Sir, with your permission, 
we would like to ask Dr. Cooper to add some comments 
and illustrations to this. 

THE COMMISSIONER: 

Q Could L juste ask. Dr. 
Morgenstern one question while you are getting | 
ready Dr. Cooper. Yousaid that there were approx- 
imately 200 river crossings in Canada, river and 


stream crossings,I think yousaid that. 


WITNESS HOLLINGSHEAD: 

A Well, I am not sure I 
Said that’ or not, but that figure has been.used. | 
I -- 

Q Well, if you are not 

whether 

sure/yousaid it then I am not sure where I heard 
yas | 
A No -- I agree that that | 


figure has been used. There are I believe, for instance 


in the E.P.B. Report, they flag 650 crossings or 





watersheds, that is within the two territories. 
these 650 of course encompass everything from the 
Mackenzie down to the very smallest creeKand that 


is probably not a bad figure. Of those 650 quite 


a few would not be given individual consideration. 


I would guess that of the 650 there are probably 
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| 
| 
150 to 200 which will indeed be given individual 
consideration, if you like and these will be selected, 
these significant crossings, the majors and other minors 


which are considered significant crossings,will be 


selected, if you like, as part of the ongoing 


studies, in fact, within the very near future, in 


the next couple of months. 





WITNESS CLARK: 





A I think perhaps to 
add a note, sir, that the 200 or so rivers or ones | 
for which there will be a specific design, the | 
very small creeks. are treated in a typical design 
that would be applied again and again Hr a very 
small crossing, having similar | 
characteristics. 

THE COMMISSIONER: 


Q You do not dispute 


the estimate by the Environment Protection Board that 


there are something like 650 river and stream crossing . 


WITNESS HOLLINGSHEAD : 

A I would not dispute that 
at all. | 

Q Just one last thing. | 


You said that one of the crossings, the major 





crossings, was the second largest in North America? | 
A No, I believe | 


what I meant to say is that the Mackenzie is the ake 


} 
i 


largest river system in North America. I would not 


be surprised if some of these crossings are amongst | 


the largest. 


- 


WITNESS HARDY: 
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A Well, there is no 


question about that, sir. The crossings of the 


this continent in length and in difficulty with the 
ice conditions, they do represent very severe 
crossing conditions. 

THE COMMISSIONER: Well, 
thank you, Dr. Hollingshead. Again, r. Cooper? 

WITNESS COOPER: 

A Mr. Gommissioner, Dr. 
Hollingshead has given you an outline of the 
elements of a river crossing as it would be 
constructed. These include deep burial, a sectional 
deep burial that would accomodate vertical erosian 
processes. They also include the location of the | 
sag bends. This is to of course accomodate the : 


lateral processes of the river. 


What I would like to do in 


my presentation is to go into somewhat more 
detail as to the considerations that go into the 
analysis of these processes in determining the | 
actual.I shall deal with scour, local scour due | 
to open water conditions and then local scour that | 
would result from the formation and the development | 
of a severe ice jam on the Mackenzie River. I | 
shall deal with the process of channel degradation 
which Dr. Hollingshead got into in some extent and 
T*shall finally discuss briefly the processes, the 


lateral processes that of course have to be considered! 


in setting the sag bends. Can we just have the -- | 
| 
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The first set of slides deal 
with scour due to open water processes. Now, as 
Dr. Hollingshead mentioned, local scour is due to 
the erosive velocities of the flow and it develops 
to a significant extent where we get a diving 
component of the current, such as on the outside of the 
bend. The things that we consider, the types of 
data that we consider when we analyse «he process are 
the entire spectrum of flows that can occur in the 
channel, the general alignment of the channel, whether 
it is on a gentle bend, whether we are dealing with 
a straight reach, whether it is impinging for 
example on a high bank, we consider the vegetation 
on the floodplains, what that does to the flow, and 
we also consider the bed materials, whether we are 
dealing with a gravel paved bed or whether we are 
dealing with a fine sand. 

The first slide illustrates 
local scour that might occur at an unconfined meander 
bend, that is, a meander bend that is allowed to 
freely erode. What wehave here is the meandering 
channel,bounded on either side by relatively low 
floodplains. You will notice in the First ‘section’, 
drawn through location "A" here, that we do have 
relatively low banks on either side. When we get 
a flood, these banks are over topped and they can 
be overtopped by some considerable heighth. 

What happens when we get a “flow going through this 
staight region, approaching the bend, is it impinges 


upon this bend and that is how we get that diving 


| 
{ 
| 
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component that can erode the bed materials and create 
a scour hole. Generally a scour hole would appear 
in this location. 

Now, for this type of sit- 
uation, we are of the opinion thatthe scour would 
be maximi zed generally at flows approaching or 
slightly exceeding the bank full condition, because 
when we get higher flows than that,we tend to get a 
general straightening of the flow, in a down valley 
direction and these actually tend to depress, if you 
like, the tendency for the diving current. We would 
also get a deepaing of the bed: possibly even on 
the inside,on the point bar side of the bend, so 
for the case of this low floodpbain, the bankfull 
conditinns we feel to be the most critical for 
scour. 

Now, when we compute scour, 
we compute it as a multiple of the average depth of 
flow in the approach section. approach 
section to the Now, you notice the second sec- 
tion taken at."B",Yight through the potential scour 
hole,indicates this diving component of the current 
and it indicates the development of scour. In this 
particular type of bend, we would expect scour holes 
to be developed in the order of 1.5 to 2.5 times 
this average depth at bank conditions. Tne 
choice of the value within this range would depend 
primarily on a radius of curvature of this bend. 

Can i faves the next slide 


please. This is a photomosaic of a similar drawing 
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+ that Dr. Hollingshead illustrated. It is the Salcha 
2 River which is being crossed by the Trans-Alaska Pipe- 


3 line in Alaska near Fairbanks. 


4 Now ,.tchis is.qan 1 llustra= 
) tion of the type of river that would be treated in 


6 | this manner. 
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: You will notice 
: that these are relatively, although we don't have a 

: section, they're relatively low flood plains, they are 
; quite heavily vegetated but as Dr. Hollingshead pointed 
> out, the erosion rate along the outside of the bend, 

6 | in here and in here),is quite Meee is quite 

7| frequently flooded. There are significant point 

: deposits. Ifwe were computing scour) atethis, locationi,), +| 
7 we would take the average depth at bankful condi- | 
| tions, at some straight approach section and apply or | 
= multiply, I would say invthathinstance,inethe ordex,of 
4 1.8 or 1.9 to come up with a scour depth. Now, I | 
see indicated what might happen when we get higher flows. 
a We would get the entire flood plain area being eres 
=| ted and we would get a general straightening of the 
ae flow,more on a poe like that. There would still be 

17 | curvature but it wouldn't be as sharp as we had before, 
ns The ‘low Gm thiss direction ,;-much)\ofjat would, then | 
rg pass over the flood plain. The part that went over 
A wouldn't add significantly to that diving component. | 
a5 Next slide, please? 
4 | The next situation of local 
a scour refers: to that of a confined bend, that is one 

a thatacisimoty alahowedtowf rdelywerodes Whey llustmabion | 
at at the top) indicates an approach channel that is) act- 
o ually impinging on a high terrace wall. You can, see 

“4 that section through B in the lower section here. Now 
a thie: i.6>dmpinging atya relatively sharp angle and | 
we get an abrupt turn in the direction of the a 

Saat I think iwe can all see that under conditions like that 
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= that sharp angle of attack and the abrupt change in 
a flow direction would actually increase the tendency 
for that curve to dive, if you like, and dive and 
- create that corkscrew type flow , and this would tend 
> to increase the potential for scour along the outside | 
6 | of the bend. Again, when we compute scour, we reference 
7 it,in this case to bankfull conditions. We compute scour 
S| in terms of the average bankfull condition for a straight 
9 approach channel upstream of the actual location 
10 we're dealing with. 
i Now there is an error in the 
AS drafting here. The range of values that we predict 
. or that could occur in the case of a situation 
= like this, range from 1.5 to as high as four times 
= the average depth in the approach section. When we 
aS get flows higher than bank full in this case they will 
oi -- the entire flow will impinge on this wall and this 
aS will tend to increase again this diving component, so 
that has to be accounted for in scour, We don't have 
— that relief of it flooding all over the flood plain 
oe that we had in the previous instance. 
- While we know that it is the | 
eS large’ flood in*thistcase,|or ‘the extreme: fload event 
S that actually may produce the maximum scour, we still 
25 full 
reference the scour depth to the bank's/ depth. Now 





- the reason we do this ,is that the range in Z 

ms values and our experience in uSing them is based on 

ra 3 consideration of a variety of field observations of | 
es scour holes and of laboratory tests on scour holes. | 
= So that the important thing is to,at all Hae) Danes 
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your computation to scour to one specific stage, if 
you like, in this case bank fuljeven though we may 
Know that it was actually a higher stage that was 
responsible for the development of that flow; but to 
bring all the data onto a consistent base, we would 
make that computation on the basis, both in developing 
the curves that we're getting these numbers from, and 
in actually doing design,we would bring them all to 

the common base of the Pe eee ae May I have 
the next slide, pleasé 

This example is taken out of 
one’ of Dr. Mollard's textbooks. It's Beaver River in 
Saskatchewan. We have a case here where the valley 
walls if you like, valley flat extends for approxi- 
Wately nere to heres This valley is too narrow to 
allow the river to develop the meander breadth that 
Lt would like to. Hence the river is constrained by 
the valley. It would like to develop a meander breadth 
that goes . 
way out in here. What it attemptsto do that is 
cut off here and it's forced to go downstream and it 
starts another normal meander loop cut-off again and 
so on. The direction of flow is like this. As you can 
see, we get a rather sharp impingement on this valley 
wall, a rather abrupt turn. As flows come down here. 
we get that diving component and hen ce the rather 
high scour valley . Next slide, please. 

Here is an example on the 
Bell River on the eaenitue jersey of the interior 
route where we have both of the processes I've just 


discussed illustrated. Here the proposed crossing 


eres 
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of it, we've got relatively low flood plain areas on 
either side. If we could get ee eee these banks 
ten we wouldn't have a severe diving current at that 
location. I believe, however, you can even detect on 
the differences in tone on this photograph a darker 
bilteS in’ this area ,-indicating* that@it' is®deeper’ Had 
the crossing been located further downstream, we would 
get this flow impinging on this higher bank, and we 
would get a stronger diving component. We would have to 
bury the pipe deeper in that instance. 


Next slide, please. 





The next illustration deals 
with local bed scour as it occurs at a confluence of 
two channels. * For purposes of illustration, I've 
selected or I sketched a braided river. Now here we 


EaS active channel area of that braided river, 


have 
there would quite likely be a number of sub-channels 
throughout this. Here I've illustrated a location 
where we would expect scour associated with a freely 
eroding bend. Here we have an illustration of scour 
that would be associated with a somewhat confined 
bend; and here we have a location where we would 


expect scour that resulted from these two sub-channels 


coming together in a confluen_ce. 





Now if I can refer you to the 
first section, drawing 2-A, generally these,in this 
particular instance,it would be relatively broad, 
relatively shallow. Again we're going to reference and 


compute our depth of scour on the basis of the average. | 
| 
| 
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depth of this approach channel. Now when these two 
sub-channels come together, the flows come together, 
they create a diving current as if there was a wall 
between them, right in the centre of the channel, so 
if we draw a section downstream of the confluence at 
B, through the scour hole, we have this situation. We 
have this diving current in the centre and we now get 
instead of on the outside of the bend, we get a scour 
hole developing in the centre of the channel. 

ihe depth of scour, again 

fui}: 

reference to the banks condition, in Enis case, can 
be expected to range from two to three times the gee 
of flow in the approach channel. In some model 
studies that we carried out for Aleyeska, we obtained 
quite aibit of data on depth of scour in confluences. 
This data surprised us to some extent in that we were 
getting depth of scour in this instance that were 
quite a bit higher than we would have thought would 
OECUG DGELOr co doing these tests. Next slide, please. 


This 2s.a photograph of the | 


east Chanaler River in Alaska on the interior route. | 





You can notice the very numerous sub-channels in this 
case and we can see several cases where we can get 

a confluence dev eloping. Now we would design ba A 
all braided channels for the event of scour attributable 
to a confluence, because braided channels are the type | 
that we can get very rapid shifting, rapid changing | 
in the location of the aub-channels. The confluence | 


Situation is the most severe of the three that I've 


discussed, although I did mention that we could get a | 
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multiplier to scour of four in the case of the abrupt 


impingement. However, where we get this freely eroding 


situation, or freely migrating situation, in the 


braided channel we cannot get the severity of impinge- 


ment on the river banks that would produce that high 
a value, so the confluence is the one that governs in 
the braided river. Next slide, please. 

OLKa, Uli now switch to a 
brief discussion of ice jams and scour attributable 


to ice jams. The studies that have been undertaken 


on this project with regard to ice jams in the Macken- 


Zie River have involved both field studies over the 
last several years and office studies, where the 


phenomena of ice jam development and associated scour 


has been analyzed. I would like to point out. that the 


preliminary designsthat are shown in the application 
and in the supporting documents, have been based on 
open water scour conditions. However, many of these 
reports indicate that scour due to ice jams is defin- 


itely a major design consideration, and would have 


tO {be taken into account prior to final design. As the 


result of the studies that have been undertaken, we 
now have a conservative prediction of the maximum 
scour that can occur due to a very severe ice jam 
in the Mackenzie. I'll quote some of the numbers, 
Scour numbers later on. 

Now here we have a plan 


view of a wide single channel river. We get ice flows 


moving downstream with the flow of the water. What we 
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need to initiate a jam is for several of these flows, 


possibly several of the larger ones, to interlock and 


to key themselves into the banks of the river. 
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1 Once that happens and I 
| have illustrated three such ice flows doing that, we 
3 | eseentially get an arching situation here and these 
4 flows are now a barrier on the surface and they 
5 block off flows as they approach it. Looking at it 
6 | in logitudinal section, we have got this jam initiated. 
7 We have got itkeyed. at the downstream end. As the 
8 ice flows then approach they would be thrust under 
9 _ and the jam ae 
| the jam/could thicken. Now the forces -- it is the 
10 hydraulic forces of the flow that thrust them under A 
a the velocity on the surface at the upstream end of 
12} the jam. As the jam thickens we get a constricted 
13 waterway beneath the jam. With this constricted 
sie water way ‘we are still passing approximately the 
mide same discharge as prior to the jam, we get higher 
16 velocity and we get a zone underneath the jam 
17 | where pocentcidaubky Scour’ Can -Oceur: 
— Next slide please. This 
4 sequence of longitudinal profile is intended to 
illustrate the development and growth of 
an ice “jam Stage “one“iis "the ‘formation of the ice 
- jam which I described in the previous,slide. WE 
— would get a keying of the jam at the upstream end. 
a We would get ice flows approaching it. As they 
tad got to the upstream end of the jam, they would 
26 | be thrust underneath. Phase two covers the thickening, 
Bee process of the jam. 
an Now, as these ice flows 
we are thrust underneath the jam, it would tend to | 
Renn) thicken. As it tends to thicken, as I described on | 
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the previous slide, we get constricted flow area be- 
neath the jam and we get scour of the bed. 

Seour gnitialivy occurs at 
the upstream end of the jam. Now, as a result of 
this scouring process, the transport downstream of 
that scour hole becomes greater, the capacity of the 
flow to scour becomes less at that point in time and 
we get just a gradual development of scour here. 

Now, this would be at some increment of time after 
the jam reached this thickness. The material of this 
scour would be deposited in the area downstream 

of the jam. This deposited material then results 

in higher water levels for the same fiow downstream 

of the jam. At the same time, the increased resistance 
due to the jam and its constriction, results in an in- 
crease in water level across the jam and the two 


causes of water level increase result in significantly 
| 


higher water levels behind the jam. These higher 
water levels increase the flow area and at some | 
point where -- at some point of velocity and | 
depth, we get a situation where the approaching | 
ice flows can no longer be thrust under the ice | 
jam. At this stage the ice jam continues its growth | 
by growth upstream. It no longer thickens. 
Here, we have the approaching | 
| 


ice flows, stack themselves up and we get a contour -- 


shablorieicaljhait —- tthe wear: of the? ice’ jam as-then | 
advancing upstream. Again, we get the same sort 
of scour underneath the upstream end of the jam, but 


Since this front is now advancing upstream, it -- the 
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scour cannot proceed to equilibrium. At this point 
in time we get an actual infilling of the initially 
deer scour hole. We would also get somewhat more 

scour down here and again, additional deposition. 

Generally speaking, our 
analytical studies tell us that cece this 
condition occurs, the most severe scour stage has 
passed. IN fact, the most severe bed scour occurs 
during the first few hours or the first day after 
the jammed formed when we get a depth of scour here 
that is approximately equal to the submerged cLcK= 
ness of the ice jam. 

Now, I would like to just 
discuss for a moment, although some of these points 
auecneterllustrated on, this slide -=-1the forces 
acting on this ice jam. To begin with we have 
got a sheer force due to the interaction, of the 
flow which is moving under the ice jam and the 
stationery, usually very rough bottom surface of the 
iceayjams «This; creates.a sheering force which 
tends to move the ice jam down stream. We also have 
a net hydraulis pressure force, we have got some 
acting on the upstream end, some acting on the down- 


stream end with a net force in the downstream 


direction. 


Lastly, we have a downstream 


component that,in the slope of the river due to the 


weight of the jam itself. - Literally it is just a 


huge mass that is attempting to slide downhill. That 


is a force tending to move the jam downstream. All 
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Slusarchuck, Morgenstern, Cooper 
Hardy, Williams -- In Chief 
of those three forces tend to want to break the jam 
up. At the same time, the jam is restrained. It is 
restrained by the sheer forces acting between the ice 
and the banks of the river on either side. 


These sheer forces or these total forces are a 


function of the thickness of the jam, whereas the major 


force that is attempting to move the jam downstream is 
a function of velocity and the breadth of the river, 
the total breadth of the river. 

Now, for a wide river like 
the Mackenzie, there is a limiting thickness 
beyond which the sheer forces become so Great that 
they will break the jam up and the equiizbprium or the 
Maximum scour that could normally develop du&° thick- 
ness before we would get this release from the up- 
stream growth, usually does not occur for the most 
severe Seat Fons Normally we would get the break 
up occuring first. Now, for less severe conditions, 
which would result in less scour due to this cause, 
we can in some instances get the upstream growth and 
this we have observed in the field. 

fhe-resuit of .our analytical 
studies has indicated that we can get a net scour 
during this process that approaches 30 feet. By 
net scour I mean the amount of scour from the existing 
bed at the time of formation of the jam to what it 
would literally dig itself down to. 

We have talked to our 

every 

construction people and have got/indication that 


construction of the pipeline beneath that level with 
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an adequate margin of safety, is completely feasible. 

Next slide please -- 

THE COMMISSIONER: 

Q Dr. Cooper, when you 
Say you may get a depth of scour to 30 feet beneath 
the bed of the river, were you speaking of the 
Meckenzie or of any number of rivers? 

A Mr. Commissioner, I was 
speaking of the -= and I did not properly state that 
case. We have concentrated our analytical work on 
the worst case of an ice jam that we could envision 
and that is on the Mackenzie River in the vicinity 
of the point of separation reach. Phere we 
have the strongest ice at the time of break up. | 
There we have the probably highest flow velocities and 
“we have a sand bed, which is critical to the 
development of deep scour due to this process. So 
I am tdking about that most severe case, the point 
of separation for the 30 feet. 

In actuality the Mackenzie | 
River, we feel is the only river with severe ice jammi 
problems.--Icejamming related scour problems of this 
nature. We have investigated the Liard River 


and the Peel River, but for various reasons, the 


hazard is just not the same on either of those 





t 


rivers. Okay? 

The next sequence of Hides, | 
the first three will illustrate a jam on the | 
Mackenzie River and adthough the next three have | 
not that much to do with my talk on scour, I thought | 
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they would be of interest. They illustrate ice 

push up at the Rampatts that we observed in 1974. 

This jam is viewed from the 

leftbank of the Mackenzie River, some 10,000 feet 

upstream of the presently proposed Point Separation 

crossing. You will notice the downstream end of the 

jam, the flow is from right to left... the open 

water area here. We get this jumbled mass of ice 


flows on the surface upstream of this and can 


I have the next slide. 


This is a view of the 
jam taken looking downstream a further 8,000 feet .—> 
I think this is going to come out confusing. The 
location here is 8,000 feet further upstream from 
the previous ehetoar apt or 18,000 feet upstream of 
the proposed crossing. WE are viewing it, looking 
downstream from the left bank, from a rather narrow 


floodplain area there. You will note first of 


all the oil drum on the ice jam, but you will note that 


the height of the jam here is well up at Om tne 


floodplain area. WE have got a good, i believe 


30 feet of rise in stage over the open water condition 


downstream at this point. You will notice the 

size of the. ice flows and the orientation of them, 

some of them even approaching the vertical in here. 
Next slide, please. This 

is a view of the ice jam at essentially the same 

location except that we are looking across <he 

river from the left bank. Here at that low £flood- 


plain or terracearea. The last photograph was taken 
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t from approximately here lookng downstream. Again, 

3 this illustrates the jumbled mass of ice in the jam and 
: the relative level of it compared to this area. 

: Next slide please. This is 
; a photograph taken during the 1974 break up on the 

| Mackenzie River and it is taken at the Ramparts. Now 
7] the Ramparts, for those of you who.are not familiar 

: with the Mackenzie, it is a narrow passage of the 

: river that is baunded on either side by very steep 

oy bedrock walls. This location here is some 80 
ea feet above the channel level or the ice surface or 

i water level down here. The ice -- the flow is approa- 
ee ching in this diection and the ice has started to 

all come in here and started to be pushed up the steep 

a bedrock walls. 
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This slide will illustrate 
how high that got pushed up. ‘hs is the same location 
and you will notice the ice has been pushed up to | 
above that 80-foot level, which of course is above the | 
Water level or the ice level of aera river. Next 
slide, please. 

This is what it looks like 
after the first push-up. You can visualize this ice | 
is coming into this very constricted section of the | 
river, these big flows are being shoved up and thet then 
fall back in, and we get what appears to be several 
ranges of mountains, if you like, of this jumbled, 
broken ice, that prevents suoaeee push-up. In other 
words, the push-up of ice now turns down here as an 
ice against ice process rather than an ice against 
the river bank process. Next slide. 

. The next two slides refer 
to the process of channel degradation. This one is 
very Similar to theéne that Dr. Hollingshead illustrated. 
We have here the potential cut-off and let's say that | 
we have a pipeline crossing just upstream of that. 


Now as this cut-off occurs, cut-off of a meander loop 
occurs, we get a reach of high local slope . We get 
high velocities and bed erosion, on that reach of 


high local slope. These velocities will tendto 





start cutting the slope back. The pipeline, for example, 
would be back here. The cutting back of that slope | 

| 
and the resulting bed.configuration is shown in the | 


bottom profile. Ultimately this slope would be cut 
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back with some flattening until we would get possibly 
several feet of degradation over top of the pipeline. 
But we would get at the same time some deposition in 
the areas: downstream. This is just’ to illustrate that 
in selecting burial depths we have to look very 
carefully at the processes of channel straightening | 
essentially that can occur downstream Of a crossing. 
Next slide, please. 

Hére are a number of other 
Situations that would similarly result in degradation 
at a pipeline crossing. The first case is that simply 


of a set of rapids immediately downstream from the 


Crossing. We have to ask ourselves, "Are these rapids 
Stable over the range of flows that can occur?" If ener 
are not, "Are they liable to tend to migrate upstream 
and pass over the crossing?" If the answer to that 
question is "Yes," then we would probably have to 
bury the crossing a further distance down that would 
be approximately equal to the drop over those rapids. 
The second example illustrates | 
the effect of borrow areas which, of course, are very | 
important to the pipeline. The one I've shown here 
I've pllustrated a borrow area downstream from the 
crossing. Now there is no real problem with this from | 
the point of vew of degradation, as long as the | 
borrow area is designed such that the depth of cut 
is not deep, because for degradation to occur we have 
tO create a teach of high local Slope in here that in 
turn would migrate upstream. On the other hand, what 


if we have a borrow area up here? That also has to be 
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>| considered because what happens is the flow that's 

‘ carrying bed sediment and approaching that borrow 

! area would then start to deposit its sediment in the 

5 borrow area. The flow that's passing out of it would 

é | then be relatively sediment-free. It would then have 

: | the strength, if you like, to pick up sediment and 

| result in some bed degradation downstream. Now generally 
¢ the same principles hold. If we don't take too much 
1 and if we don't cut it too deep, and if we put it | 
a On ‘the right side of the channel, or the correct side 
1b of the channel, say on the inside of a _ bend, we're 
ql not going to get into serious problems; and the other 
nh thing is that we have to be careful that we don't 
aE build our pipeline downstream on continuous, that's 
. year after year after year, gravel mining operations, 
tb because then we're getting that continuous, — taking 
1: out of gravel and a complete starving of the sediment 
io load downstream. 
bb The third illustration is 
af again refers to the sort of thing that happens when 
Bb we reove the sediment load from a river. In this | 
oh case when we build a dam, the sediment load -- the 

bh bed thatmoves along the bed would fall) cue ineadelta 
25 somewhere upstream. The suspended sediment would for 
ae the most part fall out in the reservoir. We Take geet | 
57 got essentially clear water passing through over the | 
A dam. This water now has the capacity to erode. It 

39 would result in degradation until the -- if we're in 

relatively coarse gravels, with cobbles and boulders, 
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until the bed paved itself. Next slide, please. 
This slide is intended to 


illustrate the various things that we would consider 


when we're setting the location of sag bends, and when 


we're attempting to predict the lateral migration or 


the lateral processes that might occur. To adllustrate 


these concepts I've sketched a meandering single 
channel flowing through its own flood plain which is 
bounded on either side by a relatively high terrace 
and further out, Boe aan) walls. tits ose cne 
terraced area, the flood plain, the channel, and so 
on. I've illustrated here two potential crossing 
locations. Now there are essentially three things 
that we have to consider when we are concerned or 
when we're analyzing potential for lateral migration. 
The first is how fast is that meander pattern or the 
channel pattern migrating downstream? For example, 
the river is night here today. Could 1t 
ten years from now be like that? If the answer to 
that question is "yes", then in crossing that system 
we would have to put the sag bends such that in the 
deep burial mode we would span the entire pipeline 


era.. Inrnost cases or in many cases the answer to 


that question is "no". We then have to concern ourselve 


with what the channel does in 20-50 years, how much can 


we expect it to erode and migrate? Once @termining 


that, we have the third question: Can this channel 


| 








: 
| 
| 


location be completely abandoned in a single event, and 


things like a cut-off occur? For example, during a 


large flow or a large flood, could we get a cut-off 
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: from here to some point downstream? If the answer 
: to that one is "yes", then we would have to again span 
id the entire meander belt. 
: The types of data that we 
>| | examine to answer those questions are aerial bee rarnee 
"| and the sequential aerial photographs that are available. 
4 Throughout all of the Canadian route and most of the 
a Alaska route there are approximately 20 to 25 years of | 
| 
: | aerial photographs available. This gives us a history | 
a of what has happaned over this span of time. It does | 
sl not te+l us the rates at which these things happen. | 
| For example, I could have | 
T in 20 years, indicate 50 feet of migration of that 
14 two 
: channet. Now those/photographs don't tell me whether 
. that “occurred Sin i4-Cas'®a result of \two floods. or whether 
‘ tiaveoccurred ata rate of three or four feet per 
. year. All we do is we get a feel for what has 
fg happened in that span of time. | 
- Other things that we look at | 
i are flood plain vegetation, the bank materials, the | 
a thermal situation, thermo-equilibrium within the ee 
a the flow spectrum that we can expect the river to 
a carry, the severity of attack on the outside of a 
a bend, for example if this is very Sharp in nee we 
= would expect more rapid lateral migration. | 
The two sections that I've 
i drawn here illustrate eRe oh possibilities, depending | 
a on what the answers to those previous questions that 
a I posed would be. Let's first consider the section | 
ey I've drawn Peecucn. a in the valley. Now if the | 
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answer to the question, can that entire meander pattern 
shift downstream rapidly in terms of the engineering 
length of this project, and the answer to that is "yes" 
then we would have to cross in essentially the config- 
uration that I've shown in l. 


If we can answer "no" to that 
then we're looking at O.K., how much is that going to 
migrate during the course of the pipeline, and in all 
probability we would have to take the pipeline or 
place the sag bend outside of the terrace area because 
in all probability we would get migration through this 


Laioy. 
low floogP™3*” The actual height of the bank here will 


tend to slow down the migration. At the same time 
there we're in a deposition zone. We could bring the 
sag bend up fairly close to the existing bank of the 
river. 

het nego on’ to section. B.- 
Here we have what essentially is a confined bend. 
We would get higher scour here and we would normally | 
think that is a problem, but it may be a very good 
place to cross the river. Again if we feel the | 
entire pattern goes through here, we would have to | 
cross in deep burial mode across the entire flood 
plain width. But if this is stable and in many 
cases it would be very stable because it would be 
cut into that high terrace, we could come right up 
in this terrace, and at the same time we know this is 
nol going to shift very aa = we could come up 


relatively close to the existing bank. So even though 
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we would be facing deeper scour at this location, we 
would have the shortest crossing of the alternatives 
that I've mentioned. Next slide, please. 

This is a phtrograph of the 
Trail River. This is on the coastal route in Canada, 
Banos ye miust shown at toviltustrate some of the 
considerations in sag bend location. Here we have what 
we refer to as the active channel area or I believe 
in Dr. Mollard's terrain typing he refers to it as the 
active Fibod plain area. 

THE COMMISSIONER: What was 
the name of that river? 

A Trapt River, .°m noe 

OBgLnSe 

sure wheter it’s ih’ Yukon; Territories’, it could be 
Yukon. 

This area would be a flood 
plain area. It quite likely would be inundated or 
covered with water at the higher discharges, as would 


ths area here. 
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can 
And this area here, the vegetation you/see is 


somewhat more dense here than back further. We 

have a higher terrace along here that is quite likely 
a fossil floodplain and would not be inundated by 
even the highest flows. WE have to keep -- 

THE COMMISSIONER: 

Q What do you mean by 
fossil floodplain? 

A At some point in geologic 
history, this was probably an active floodplain. | 
Now, either through river degradation, longterm 
geologic river degradation over a span of thousands 
of years or through the rebound since glaciation of 
the entire country, or landscape if you like, and 


imlaaoy tle meal 
the river essentially cutting / its same path as 


before, we get these old floodplains abandoned and they 


now exist at a higher level. 

In crossing anywhere on 
this river we would take the pipe -- we would consider, 
this very unstable -- it could erode out rapidly -- 
we could get a channel developing eeee and we would 
definitely cross this in a deep buried | cae CO 
accomodate the vertical river process«e of scour 
and degradation. WE would probably mnsider 
bringing the pipe up, . once we got out into 
this terrace area, so -- and in all cases on 
these braided rivers, we are going to be deep 
buried throughout the active channel area. 


Just to summarize, Mr. 


Commissioner, the river engineering design that 
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will be done in final design are I believe based on 
“| well established engineering principles. Admittedly, 
a these designs, the carrying out of these designs 
: requires a high level of engineering judgment. 
>| This science, if you like, has evolved over the 
°y past several decades,where we have had a number 
I 
" of rules of thumb and guidelines to work with and 
| judgment has always been a significant factor in 
“ the work. 
10 
| Recently, there have 
an been serious attempts to quantify things like 
=| scour. Much of this work is well documented in the 
t various documents that are available on this project 
‘ and have been filed. In many cases there is data 
a that is required to complete the final design. However, 
- I would like to emphasize that all of this design 
Ee data is required not to precisely elect the location 
rj of the crossing, but rather it is required to 
" determine exactly the burial depth that is required | 
i and to determine the exact location of the sag bends. | 
oA In a few instances, such HE the case where we | 
i have ice jam scour, it is desirable to carry out | 
. additional studies and to acquire additional data. | 
i In this case, however, it is for the purpose of : 
a further refining our design because we feel that the | 
| numbers we have now come up with are overly conser- 
_ vative. They are based necessarily on some very 
_ conservative assumptions. 
. I am sorry -- I would like | 
to read out the reports that contain much of the | 
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informaiton that I have talked about and the in- 
formation upon which I rely. There are several so 

I shall read them. "The Design of Pipeline Crossings 
at Braided Rivers", prepared by T. Blench and 
Associates in January 1975; the reference book on 

Water Crossings, volume II, "River Crossing Design", 
prepared by Northern Engineering Services, October 
1974: "1974 River Break up and Ice Study --Mackenzie 
Liard and Peel Rivers, Data Report", prepared by 

T. Blench and Associates im July 1974,;" “The 19/4 | 


River Break up and Ice Study -- Mackenzie, Liard and 


Observations on Northern Rivers 1973" prepared by T. 
Blench and Associates in June of 1973; "@riteria 
for ee Engineering Aspects of the Design, Construc- 
tion and Maintenance of Buried Pipeline Gossings" 
prepared by T. Blench and Associates in March of 
1973; “River Engineering Aspects of the Design of 
Proposed Pipeline Crossings of the Mackenzie, Liard, 
Great Bear and Peel Rivers", March 1973, again by T. 
Blench and Associates; and also I would like to 
list the information contained in the requests for 
supplementary information which I believe has 
been filed as exhibit 70, is .it? 

MR. GENEST: Sir, would 
this be a convenient time for our break? 

THE COMMISSIONER: Yes, 
thank you, Dr. Cooper, thank you very much. We will 
take a break for coffee. 


(PROCEEDINGS ADJOURNED) 
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(PROCEEDINGS RESUMED PURSUANT TO ADJOURNMENT) 

MR. GENEST: Mr. Commissioner, 
I believe Dr. Cooper, had one additional comment he 
wanted to make in relation to his slide presentation. 

WITNESS COOPER: Yes, Mr. 
Commissioner. I'd just like to point out that in 
my presentation I indicated, I believe, quite defini- 
tively that the scour holes that we can expect ina 
river in all cases would form in a very predictable 
location. For example, on the outside of a bend. 

Now this in fact is not 
always true. It is true that the deepest scour holes 
form at that location, but as a low flow phenomenon 
Say your annual floods or even lower flows than that, 
we can get the deepest portion of the river, the 


deenest thread of the river, if you Vike, which we 


refer to as the thalweg -- 


THE COMMISSIONER: As the what?| 


A Thalweg. 

Q Would you like to spell 
ita. 

A o-H-A-L-W-b-G. 

MR. GENEST: It sounds like a 
King of Norway. 

A We can get that deepest 
portion forming at other locations, which may not 
coincide with, for example,. the outside of a meander 
bend. However, the holes that so form would not 


be as deep as the ones that I have referred to that we 


| 


| 





| 
| 
| 
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| would use for design. The reason I'm adding this point 

















ay to my presentation is that this has been a cause for 

; exposure or for loss of cover in any event, in some 

4 considerable number of river crossings that have been 

5 installed without the benefit of river engineering. 

6 | It is not, I do believe, a concern for the designs on 

i this project because we would be predicting scours and 
_ predicting the zone of the river over which this would 
e occur, and of course the depth of the scour hole would 
ia be greater than the depth of the low flow pattern that | 
ol could produce holes away from, for example, the outside 
12| of a bend. | 

28 MR. GENEST: Thank you, Dr. 

Ad | Cooper. 

LS WITNESS HARDY: Mr. Commissioner, 
Le | toe point that this brings. up or points wp’ that’ on 

7 one of the cross-sections that Dr. Hollingshead had, 
18 he shows the cover at the deepest part of the river / 
49 only ten feet, then at the shoreline it's 20 feet. | 
20 -~Well, this would seem to be inconguous, that you have | 
at less cover where you've got the deepest water. The | 
ae reason for this is that the spot where there's only | 
2 ten feet of cover is the thalweg that Dr. Cooper has | 
ae just talked about now, but it may migrate and so thereagon 
a . Dr. Hollingshead's cross-section shows greater cover | 
26 away from there is that it's anticipated that thalweg 
2 will migrate and may completely cross the normal 

me channel. 

a | THE COMMISSIONER: Thank you. | 
ca MR. GENES®s Dr. Clark, is it 
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Clark,Hollingshead,McRoberts, 
Slusarchuk ,Morgenstern,Cooper, 
Hardy ,Williams 
InnCchies 
time now to turn to the concerns that are related to 
convection icings, drainage and erosion? 

WITNESS CLARK: Yes sir. I 
think before dealing with this, sir, there are two 
terms here that might cause some confusion, are Ente 
words "conduction" and "convection". By way of 
illustration if you could consider an electric stove 
with a burner on, and a pot of water on, there is heat | 
imparted to that pot by convection. Within the pot | 
the hot water will rise to the surface and carry heat 
to the surface and create currents, and this is “con 
vection. To relate that to the pipeline, what is 
the message here is that when we bury a pipeline, for 
instance below a river, a frost: bulb will develop, 
heat will flow by conduction but there will also be 
water moving through that area that antcroauces -a 


convective heat component. 


Now the PAAG concern regarding| 


THE COMMISSIONER: Q I didn't assimilate that. 
A Well, the conduction in 
the analogy that I used relative to a pot on ‘a *stove, 
there is heat passing through the metal into the 


water and that is conduction. 


Q O-U-C=TS"*F “think that's 
my trouble. 

(i Conductron, *yes. 

Q Conduction, I sometimes 


understand conduction. 
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Hardy ,Williams 
l Ini Chiet 
| A the heat then, as the 
: water heats up it will rise to the surface and move 
4 around and the moving water then transports heat, and 
: that's convection, and ina pipeline Situation we 
>| have the reverse. We have a heat sink, cold heat moving 
“| from therground.sto ithe:spipe), that isi-conduction.y But 
4 when a river is involved there's water flowing, there's 
af a current flowing above the bed and perhaps in the 
| bed, and that's bringing heat in as well, and its that | 
at component of heat that is convection. That's the | 
| flowing water that's equivalent to the flowing water 
me in the pot analogy. | 
oe MR. GENEST: Q Can I see if I understand 
ae that? One type of heat which is the conduction heat, 
is transmitted, it's heat transmitted through a 
| stationary material; and the other is heat transportec 
| by moving material? 
A Yes), by ‘the: water. 
pits) | 
- Q Is that another way of | 
putting mvt? 
2L . | 
ei A Yes. The difference | 
a between conduction is convection, and convection is | 
ah heat that's transported to the freezing front, if you | 
q like, by the water. | 
a Tie \eARG@ecorcern is; that | 
- convective heat transfer around a chilled pipeline 
oi buried in unfrozen permeable material,on page 175 | 
~~ it's stated that ‘-- ‘and: ‘this is) ‘on \the!-PAAG «Report -- | 
6 "The applicant has developed a computer-oriented | 
tea | 
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l In Chief 
method for analyzing the ground thermal regime 

_ around the pipeline. This method is shown to 
: furnish reliable prediction of the position of 
: the thaw or freezing front around the pipeline 
>| for most boundary conditions. The method, 

. however, is limited only to conductive heat 

transfer and does not include a term for 

; convective heat transfer." 

; They further state that: 

. "Convective heat transfer is likely to be a 

a Significant factor in determining the rate of 
4 growth and ultimate size and shape of a frost 
- bulb around the chilled pipeline where it is 
“ buried in permeable soil, having ground water 
a flow. For example in sand or gavel beneath 

| rivers." 

2 By 
Re Whey go on to; state: that: 
u "It's important that the applicant develop a 
i method of geothermal analysis that will take 
Se ll convective heat transfer into account." 
- Our response is that we 
- are in total agreement with that and well ahead of 
* receiving this report we had undertaken such -- the 
a development of a method and a method of geothermal 
a analysis that takes convective heat transfer into 
ss account has been developed. This is documen ed ina 
ee report entitled: 
ae "A Convective Model for Sub-Surface Flow 

- Around a Chilled Pipe," 
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Hardy ,Williams 
| ti Corer 
dated October, 1974, by Bettelle. 

“| In general, the effects of 

; convection on the development of the frost bulb around 

: a chilled pipeline are twofold: 

| jhe The convection tends to reduce the size of the 

‘ frost bulb; 

" Di It tends to displace it in a downstream direction, 

Pi and that is, sir, in the direction of the current ,| 
. the direction of the flow. | 
fs Now the magnitude of both | 
a of these effects increases with ground water temperature 
a | and flow velocity. The effect of convective heat 
transfer on frost bulb development is shown for three 
i: typical river crossing situations in the response to 
ed question 38 of the Pipeline Application Assessment 
i Group's request for supplementary information. 

Q I don't seem to have 
. that han dy, Dr.Clark. Can you describe them briefly? 
4 A Brrefiy, “sir, they | 
a treat a large river with a large amount of flow, a | 
P small river with a gravel bed where there is still | 
= winter flow, and as well the river which would normally 
ont freeze to the bottom and there would be no flow in a 
S bed, all the flow would be in the -- no flow above the | 
a4 bed, all the flow would be in the bed in the gravel, | 
el and these are analyzed with this convective geothermal | 
sal model . | 
- | Q The response to | 
ae question 38 really goes on at quite some technical 
length. 
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In Chief 


A It's quite a lengthy 
response, sir, and it is a®fairly* technical response 
to what we felt was an important question. 

Q Well then, do I understand 
your response correctly -- and correct me if I do not -7 
to the effect, it is to the effect, as I understand it 
that the convection, that is the heat taken to the 
pipe or the temperature change taken to the pipe by 
moving ‘water, which is the medium through which it's 


transported, tends to reduce the size of the frost 





bulb? 
| 
A Wesuolr. 
Q And does that comfort us 
or discomfort us? 
A Welly -1t's*neither,, sac. 


It's the ability to be able to predict this that is 
of concern. It is a significant component and we feel 
that the computer model that has been developed will 
now allow us to take this into consideration. For 
instance, in assessing the possibility of freezing off 
a gravel bed to prevent, cause an icing, for instance, 
or to cut off the waer and oxygen that might be 
required for over-wintering fish downstream, and this | 


gives us the ability now to analyze that situation and 





when we can analyze it, then if there is a problem we 
can design a remedial measure for that problem, and 
I'm getting into the icings discussions that we had 


yesterday, really. 


| 
Q The next concern, sir, | 


related to icings and blockage of water flow above and) 
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In Chief 


below the bed or small rivers. 





A Yes sir, and we did dis- 
cuss that yesterday to some extent, and there is a much 
more detailed response also included in this question | 
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BURNABY 2, B.C. Clark, Hollingshead, McRoberts 
Slusarchuk, Morgenstern, Cooper 
Hardy, Williams -- In chief 
l of our response to the PAAG request for supplementary 
2 | information. 
A Q And you have prepared 
4 that answer? 
5 A Yes, sir, this was prepare 
6 | by our expert on conductive heat flow, Dr. Harlan who : 
=| will be appearing tense Il of these hearings. 
8 Q Then sir, I would 
9 like to move on to the Pipeline Assessment Group 
10 Concern with relation to erosion and drainage control 
11 measures. 
12 | A Yes, sir, the PAAG con- | 
13 cern, Erosion and drainage control measures. Now, 
ah many of the concerns eee ee ae Page Lace io 
bse i the appropriateness of a preliminary assignment of 
163 erosion and drainage control measures as shown on 
WwW the alignment sheets which have been filed. It 
18 was suggested that the reappraisal of these measures | 
19 with regard to local terrain type, slope conditions | 
20 and proposed construction methods, would be reasonable | 
21 in order to reduce the local susceptibility of the | 
22 terrain to erosion. Again, we agree with this and 
23 it is our intention to review the drainage and . 
24 erosion control measures, keeping in fae the nature 
ae of the terrain, the slope conditions and the method 
ool of construction. We would emphasize however, that 
37 the selection and placement of drainage and erosion 
28 control measures as appropriate to a given section | 
29 of the pipeline alignment and to associated | 





30 anciliiary facilities such as the roads and airstrips, | 
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is a final design exercise. The design procedures 
are being refined by ' office, laboratory and 
field investigations. Guidelines will be provided 
for field implementation and this wouid be contained 
in the data design manual to which I referred yester- 
day. Now it is obvious that the final selectimand 


placement of alternative control measures must be made 





in the field prior to and during construction. 
Further, a program of 
regular surveyance and maintenance is planned to 
| correct any problems should they develop mneordaer CO» | 
maintain the effectiveness of the control 
measures. 
In addition it is pointed 
| out that the purpose of the drainage and erosion 


control measures is largely to protect the pipeline 





right-of-way and the other facia tives fon -ehe 


critical period until revegetation can be established. 
| 


! 


Now, in the final analysis our main erosion control 





measure is revegetation. 


Tteis’ recognized that 





there will be situations, however, where the 

physical measures that we have developed will he 
required in addition to revegetation. It will be | 
necessary to provide long term erosion.control for | 
instance on slopes. Now, with your permission, | 
Mr. Commissioner, I would like to illustrate and 

it will not be a lengthy one, I have only a few 


slides. Some of the erosian control measures | 





ae for which we have prepared drawings -- and I rely here 
; | 
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“ on a report that was tabled last week. “The drainage 
| and erosion control measures,description and proposed 
3 design Spincipless What I would like to cover sir, 
4 are the actual design, how they would look in the 
5 field and how they would be placed. 
6) The aspect of drainage and 
7| erosion contol which relates to predicting flow and 
8 gathering the date required to predict flow, we 
9 have viewed as being pertinent to the section of 
10 panel two or phase II rather, dealing with impact 
11 on water and our erosion control expert that we : 
Te would call in that instance would be Dr. Harlan, | 
13 so he can speak to the -- what is entitled ine@thias 
14 report, for insance, the design philosophy for the 
15 pipeline right-of-way and I think I would speak to 
16 the designs as to how they would be -- how they 
1? would appear. 
18 Sir, this is a schemetic | 
19 drawing of a section of right-of-way with sloping | 
20 ground. The ditch has bean cug, the pipet4 g-9placed | 
21 in it, the back fill has been restored over the 
22 ditch. Now, when the pipe is placed in the ditth 
23 itself, it will ioccupy amspace formerly occupied 
ee by approximately 12 cubic feet Sfnsoi®t foreach foot 
of length. Also by the process of diging ouvt | 
met the soil, it would occupy a greater volume afteroat 
i, has been excavated than it would before and this 
ae results in what we call the spoil mound. All of 
ae the back fill is placed over che pipe and it would 
ay have a configuration somewhat like this,to what | 
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we have referred to primarily as the spoil mound 
and also is sometimes called the berm over the pipe. 
Now, our main objective then 


relates to transferring surface water from one side 


of the spoil mound to the other on the slope and to pre- 


vent the spoil mound from eroding away. The techni- 
ques that have been developed include predominately 
those that are used in conventional pipeline practive, 
for example, the diversionary dike that would be 
placed along the slope and at that dike a break in 
the back fill mound which would be protected by a 
nonerodable soil such as gravel and in this situation 


water flowing across this slope would flow along the 


back fill mound, spoil mound, through the break, across 


the right-of-way and would be dispersed on the other 
side of the right-of-way. 

Next slide, please, 
The type of diversion dike that would be used would 
be a mound of non-erodable soil placed areata on the 
organic mat where the sub-soil is a high ice content 
material and this is a cross-section through that 
mound. 

The next slide, please 
In the situation where the soil is not a high ice 
content material, is relatively stable, the diversion 
dike would be formed by digging a small ditch on the 
up slope side, moundng it to form the dike and then 
placing in that ditch granular material which would 
be resistant to erosion by the running water 


along the ditch, that is, if that soil, the native 
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soil here, is erodable and requires that protection. 

Next slide, please. 

Now, looking at the cross-secton of the ditch and 
particularly at the spoil mound detiogatbr is required 
Corrunlalong at)" as*I said "it  is-a-requirement to 
keep from exposing the pipe to insure that this 

native back fill material does not erode. THis would 
be accomplished by placing a granular protection face 
along the upslope side. In this situation the water 
would be=running from Left -to right, -1t would | 
encounter the spoil mound, it would then run along 

the spoil mound until it had an opportunity to get | 
through the back fill mound break. 

What wehave shown here is a 
position of the permafrost table with the configuration 
before “the Pline “goes'"into operatién>’ After the line 
goes into operation there will be a bulb of frozen 
soil above the pipe and of course, during winter 
the entire active layer in a situation such as this 
would be frozen. However, in the summer period our 
test sites have shown that there is always an active 
layer above the pipe. It does not remain frozen 
off through the summer. The configuuation of the 


permafrost table in the summer would come to 





the ditch and then curve upwards over the pipe, then 
down and away and this material directly above that 
would be unfrozen and would be able to conduct 
water. 

The next slide, please. 


Now, in areas where there are a number of very closely | 
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Hardy, Williams -- IN chief 
spaced drainage channels or where there is a_ creat 
deal of flow through the active layer, one measure of 
providing for both protection of the native back 
fill material as well as the conduction of water across) 
through the mound, is to use a granularcap. In this 
situation the cap is both resistant to flow -- resistant 
to erosion and will conduct flow. There would 
be a revegetation medium put on top of that and it 
would ultimately be revegetated. 

Next slide please. NOw 
I talked about the breaks in the berm in the first 
slide. -- And where those breaks occur there will be 
concentrated flow and it is also necessary to provide 
an erosive resistant material at those breaks. This 
would consist of gravel from a short distance 
above the pipe to the ground surface, it would be 
carried through as far as required to protect the 
native soil from erosion and it would have some 
form of rip-rap to break up the concentrated flow and 
disperse it on the downstream side. Again, flow here 
would be in this direction. 
Next slide, please... There 

are several alternatives, methods available to | 
accomplish this. One where,for instance, if gravel 


were not available in the quantities requred where | 





we had a lot of closely spaced mound breaks, it may 
prove both convenient and economical to use what is 
called a gabion over the mound break. This gabion 
is simply a mesh of wire which has gravel or 


broken reck Gn it to hold it in place, 1t may be of 
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somewhat finer material, the wire assists in preventing 
erosion and it also requires a lesser thickness and 
any subsidence of the soil adjacent to the pipeline 
in the active layer would be followed by this gabion , 
it would take the shape., it is not a rigid structure, 
it is very flexible, erosive resistant material. 

Next slide, please. 
This is looking down on a Pipeline right-of-way where 
the pipeline itself is running oblique to the sloping 
ground, That is, the ground is Sloping across in this 
direction. Now, in this Situation, the diversion 
dikes are carried across the PNtlreuwidth.ot the: 
right-of-way. At the breaks in the spoil mound the 
water is allowed to pass through, carried across the 
right-of-way and then dispersed on the downslope side 
of the right-of-way. 

ee 

Now, if/is necessary to 
prevent water running along the Pipe wa ditch plug 
would be put in at each of thse mound breaks and I 
have some illustrations of the type of plug in some 
later dides. 

The next slide, please. 
This represents the situation where a pipeline is 
running directly down the Slope and this is the 
configuration of diversion dikes that would be used 
in that situation or where the pipeline is within about 


plus or minus 10° of the direction of the.slope. 
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In Chief 

This would be a diversion 
dyke taking flow coming in this direction and transport+ 
ing it to the side of the right-of-way and dispersing 
it in this area. Now in this situation we would 
definitely want to prevent erosion of the backfill 
that has been placed over the pipe and this is accom- 
plished by putting in impurvious plugs. The next 


Slide, please. 
| 


This is an example of the type 
Of impervious Plug that could be used. This could be 
soil placed in sacks piled in a configuration such as | 
this, keyed into the wallSof thé*ditch to-enstire®that | 


the water would not outflank it. The key word here 
is that this should be impervious, There are other 
methods of constructing this. For instance, it could 
be a bentonite enriched soil placed back around the 
Q@2EChein@a-similar configuration, and bentonite is 
a Clay that is actually produced in’powder”™or small | 
nugget form that's used in the oil industry for | 
drilling wells as a drilling fluid. It has the | 
characteristic that it expands when it comes in séReske 
with water and has a very,very low permeability and | 
prevents water flowing through it. | 


Now perhaps I could show my 


final slide, which would illustrate some of this in 





place. This is a gas line, the same gas line that 
Dr. Hollingshead referred to when he showed a picture 
of the bolt-on and continuous concrete weights. These 


are plugs, sack-breakers or impurvious plugs that are 




































nciereovih A Sd Glucy shat ep ; eine 


sHrogins14 ban gofio@ehp ciad af gnimns Wor? pnited ody 
weietoget® bhe you-To-Jrels ant to abie oie ag 30 par 
Aine av. potidourtie wing ni wow prey ca) dt 
PLitdosd eit Jo nnseous tnavetq’ oF snew Ytosiniteb 
atone bi a1 ben sola of? sevO Deosiq nosd ger tenis 
san ot? lapelo eetruvgmk al patiseg ye Benet 
i 4 
.sesolq ,obile 

Sed Sit to elanirwes me 22 xiar i 
ad bluos ett? .Seaie of hiuesd sant padg avoivrednl 20 
dope nom saweticoo & at heitqg axoaee ad pecelq Lioe 
Jntib off Yo [Law Sed? oFne boyor ‘ekg 
dt! Bow yet oft Joe ARB RSeO Jom bi now degew ont 
i453 gre gueaT mary todas ed sivone eins Jedd et 


gone rae?’ wi 1.2207 en Liou ano to: abodian 


4) Rettoye Hobe Gentle flee Beiosins atinotned s sd 
»| atieadted Bas  cod¥espitnon tsiimie & ai notch 
feme Yo tebweg mek beowhorwg Yeeros ei sods velo £ 
40% “hawbet 176 afd ag Dea e'ted? mrto2 seppun 

eit gad ai. .62ef? eaétitab 6 es attow ont tela: 

inon ok aanes go cet gnesyne 1? 3602 stysizedosxede 
Ens yoiltideense wol yrevoyaay 6 eat Bas Tezaw asiw 
42 deootds patwor 1s4ew bineverq. 


- a <4! = 
yin wosta bidet L, agiiteq wor 


+” y | 7 : : . 
ai cits 26 Wien svertaniIt bilaaw deidw obit tankk | 
ia ‘9 . a) ae 
taad enti geo spd ert? ,entl esp 6 ei elwt eps iq 
siuizig » beworle sii nadw oF fetzele2 Beodaphition 13d " 


| Tes 
stot! .citpiew 4isa>no0 evountino> Bas Ro=atod etit 20 F 
mi ° 
, 


vt 

Noy 

| et5 Jafs sould evotvarpel «0 modsord-sse ,epulg 618 “) 
7 a) 

jn 


2486 


ALLWEST REPORTING L-TD. 
BURNABY 2, B.C. 




















Clark,Hollingshead,McRoberts, 
Slusarchuk ,Morgenstern,Cooper, 
Hardy ,Williams 

ih ‘Chater 


put along the slope to prevent the soil that is placed 
back into the line from being washed out by erosion. 
This is probably the most common technique and in 
certain situations it would be possible to use a -- 


several types of impermeable backfill ditch plugs. 


Those are some of the designs, 


sir, that are mostly illustrated in the report to 
which I referred. Thank you. 

THE COMMISSIONER: That last 
slide, is the 12-inch pipe somewhere near Trail, 
British Columbia? 

A Yes sir, this is near 
the Columbia River. It's Inland Gas line. 

Q Could I ask a question 
of Dr. Cooper? You showed us some slides of an ice 
formation. I think you said it was south of Point 
Separation. 

WITNESS COOPER: That's 
correct. That was some slides of an ice jam that 
we observed in the 1973 breakup. 


Q Yes. That would be the 


crossing of the prime route north of Arctic Red. River, 


would it be? 

A Thats correct, Sir. 

THE “COMMISSIONER: O71 K., thank 
you. 

MR GENEST: S191, that 
concludes my examination a chief of this panel. It's 


been a difficult one for counsel to try and organize 
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In Chaef 
1 Cross-Exam by Hollingsworth 
2 | because of the technical nature. We had our rocky 
a roads. I don't think that the interjections by Commission 
P| counsel and by you, sir, as to simplifying and explain- 
5 ing were the stern warnings -- at least I did not 
6 | interpret them as referred to on news broadcasts this 
7 morning. I hope it has been useful and perhaps as we 
a go along we can learn how to strike the middle road 
5 | between exact scientific accuracy, which involves the 
10 use of jargon, and an understandable presentation of 
11 | evidence. that concludes my examination in chief. 
12 THE COMMISSIONER: Thank you, 
13 | Mrs Genest. 
14 
15 | CROSS-EXAMINATION BY MR. HOLLINGSWORTH: 
16 | Q Dr. Morgenstern, I was 
57 | interested in some of your comments on seig:micity and 
18 I've had an opportunity to read from Exhibit 54, the | 
19 Location, design and capacity of facilities, and in 
20 particular from the geotechnical section on page | 
a1 14. There reference is made to the Guttenberg and | 
ip) Richter surface wave magnitude scale and a little | 
DF further down to the Richter local magnitude scale. | 
24 Is there a difference between (pha Ga scales, sir? 
25 WITNESS MORGENSTERN: I | 
a don't have the reference here. | 
a7 Q Page 14 of 8-B-3, Mr. | 
28 Genest. The reference is in the third paragraph 
29 on page 14, sir. | 
30 A Yes, the Guttenberg- | 
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\ 
| 


Richter scale and then the other reference you said? 

Q A Little further. downm in 
that paragraph there's a reference made to the Richter 
local magnitude scale. 

A Yes, I believe there is 
a slight difference in the two scales. The detailed 
explanation requires a greater knowledge in seigmology 
as opposed to earthquake engineering. Both are, used 
-- both can be used for zoning. 

Q Could you perhaps give 
us a brief explanation of first the Guttenberg and 
Richter surface wave magnitude scale? On what 
scale does it start from? Where does it go to? How 

many numbers are there in it? 

A Ves. os Usk. Goes, to, qa it's 


a measure of the energy released by an earthquake. 


It's based upon seigSmilogical observations. The 
magnitude -- oh, theoretically I think the maximum 
magnitude 24tan earthquake would have,would be in the 


order of 9 or 10, the magnitudes begin at very low 
numbers in the order of 1 to 2. The difference in 
the scale reflects about an order of magnitude factor | 
of 10 in the energy release of an earthquake. An | 


earthquake of magnitude 5 in comparison to an earthquake 





of magnitude 6 would have about a factor of 10 less 
energy release. 

Q I'm not quite sure I've 
comprehended that. Are you saying that 10.16, the, maxi- | 


mum figure to which you could -- which an earthquake 


| 
| 
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| could achieve? 

| A There is a theoretical 

; Maximum of energy that can be stored in a volume of 

: rock that would constitute an upper limit of magnitude. 
A Q And would that be 10 on |, 
“ the scale? 

" A I can't remember whether 
4 i Shiloyasir, -but=it* sof that’ orders The largest 

; earthquakes, great earthquakes, very destructive | 
4 earthquakes such as the Anchorage, Alaska -- such as | 
i the Alaskan earthquake of some ten years ago, had a | 
| magnitude of around 8point something or other. | 
- Q And what would the 

: physical effects of a magnitude 10 earthquake be? 
E | A A magnitude 10 earth- 

a quake would be very catastrophic. 

, Q Does that mean a total | 
if breaking up of the earth's surface in that particular | 
: area? | | 
20 
an A Large-scale faulting, | 
2B large-scale displacements over very large lengths. | 
; Q And -- | 
23 

. A I would add, I think, to | 
i my memory a magnitude 10 earthquake has not ever been | 
a recorded. We're talking of earthquakes of smaller 

ea magnitude than that, normally recorded. 

Se o Armageddon of earthquakes. 
ne A Well, of theoretical | 








earthquakes. 
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Cross-Exam by Hollingsworth 
Q And the local magnitude 
scale referred to lower in that paragraph, how would 
that differentiate from the surface wave magnitude 
Scale? 
A. It's based on a similar 
measure of energy release, but the use of the 
data, the : seismic observation used to interpret 
Magnitude differs from the surface wave observations. 
I would add that this is an area of seismological | 
definition and I'm only reciting from general memory. 
I don't establish earthquake magnitudes. 
Q Now, this measurement 
Which is referred to in this paragraph, perhaps I 
Syould read 10, it says: 
"Historical records indicate that an earthquake 
of magnitude of 6 1/2 on the Guttenberg & Richter 
surface wave magnitude scale occurred some 30 
miles west of Fort McPherson in 1940." 
Then it “goes on. Where would that measurement have 


been made from? 





A That would have been 


based on seismological . observations colleted by various! 
observatories. The seismological observations not 
collected locally, some distance away, I can't remember; 


| 
where the network existed in 1940,but you could record | 
| 


these observations hundreds of miles away and interpret 


the general level of energy release in that area. | 


i] 


Q Is this general practice 


in North America, that these stations are well-spaced? 
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: A The specing changes with 

“| time as networks improve. In -- at the time of 

eA 1940, one would have been relying, I expect, mainly on 

: stations under the control of probably the United 

? States Coast Geonetic Survey. The network in Canada 

2 would have been sparser. 

ay Q Where would such United 

eY States stations have been? 

? A Oh, any number of pies 
10 | in the United States, as far away as Southern United | 
“3 Statesiavecould still collect information on the | 
ee earthquake recorder that could be used to interpret 
ee the magnitude. 

4 Q Would wesbe fair .bo say 
fo that the accuracy of such readings decreases the further 
si | Onemgets (from theeactual centre fpoint-.of,the earth- 
2) quake? 
‘eg A No; not So. The: taccur— 
ad acy decreases the fewer the number of stations utilized 
a to collect the earthquake, to sense the earthquake. | 
sy The difference in accuracy between 1940 and 19-- today, | 
si is that there are more stations spaced around the | 
- world. 
Pdi Q But you wouldn't know | 
rt how many stations would have measured this particular | 
se earthquake that's referred to here? 
“ A No, buat would be on 
a record, seeing what the world wide networks were at 
a that time. 
30 | 

——- Q So that it's possible 
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| GQoss-Exam by Hollingsworth 
ty that there were very few stations, or even one station 
' measuring this earthquake inl940. 
3 A NO; “Os *inPerder-to 
; site a magnitude, one would have lad also to locate 
° the -- at the centre of the earthquake -- one would 
| 
{ 
a have had reasonable number -- a substantial number 
Ua of stations reporting on the earthquake. You can't 
a undertake these calculations without a certain number 
oi of stations recording. You need more than one station, 
f 
oy for example, to pin-point the general area of the 
ae earthquake. 
12 | : 
| Q Well, going back to the 
‘ae type of traumathat would develop from a certain scale 
‘ahaa earthquake, this one reached 6 1/2. What sort of 
VS Magnitude does that indicate in terms of physical 
“all damage, if you like, to the earth's surface? 
LY 
18 
19 | 
20 
21 
exe 
23 
24 | 
| | 
| 
25) | 
26 | | 
24] 
28 
29 
30 | | 
| 
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‘ also 
A It depends/on the depth 
2 of focus of the earthquake where the centre of the 
; faulting is. The damage is the function part lyon the 
- amount of energy released and also the depth of focus 
3 of the earthquake. For example a rather shallow, if 
2 the faulting or energy release occurs at a rather 
| shallow area, it would localize damage closer to the 
S| epicentre for a given magnitude or energy release.if 
e the depth of focus is greater, then the damage would 
10 | he less, but the sensing of the energy release would 
BI be over a greater area. The intensity of damage 
= would be less localized and the level of damage would 
ne be smaller. So there are several parameters involved in 
= assessing the inference of an earthquake, the magnitude 
le is not the only one. Nevertheless, the larger the 
He Magnitude, the tendency greater damage. 
= Q Ar teronts Now; 
Ze on this same page that I have been referringto in 
“e Pies teen paragrapl, tne ldot sentence: "staces, | 
= "However at the present time there are no faults | 
se along the pipeline route that areknown to be active." | 
“y -- and a reference is made to Stephens Mill, 1973. | 
23 How is an active fault as opposed to an inactive one 
“i if there is such a thing defined? | 
ae A It can be found in two | 
oa ways, by geological evidence,one sees rivers that have 
a been forced to change their course dramatically and 
- then you look at the rock structure and identify a 
o tear in the rock and relate that geomorphological 
= evidence to the activity of faulting and the-other is 
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to utilize local seismic evidence, local seismic 


data. 

Q Well, would I be correct 
in suggesting that evidence of earthquake activity 
going back many, many years can be found in several 
places on the face of the earth? 

A I..am sorry -~ I. =- 

Q Would (Ibe icorrect.rin my 
assumption that evidence of earthquake activity going 
back many, Many years can be found in several places 


on the surface ofthe earth? 


A Oh, yes. 

Q Is that considered an 
active fault? 

A The activity -- what 


we consider an active fault when we see it tearing the 
ground. Things are happening down below the surface 

of the ground that need not be expressed at the 
surface of the ground. Now, while that would 

be a concern for the general energy release, if 

we do not actually see the ground tearing, then we 

do not see an active fault related to that energy 
release. 

Q And if no evidence can 
be seen on the surface of the earth is it considered 
inactive? 

A If we do not find an 
active fault, then we say that so far all the faults 
we see are inactive. 


Q And is it a period of 
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i centuries that one -- that a fault goes from being 
< active to inactive? 
3 A There are certainly 
4 inactive faults can become active, but normally if there 
5 is active faulting, there should -- usually one finds 
o) some geomorphiogical evidence associated with it. 
7 | --Because the response of rivers and these other 
8 agencies in the environment have been responding for 
9 a long time, | 
| | 
10 Q But is it posible 
11 for an inactive fault to suddenly become active? 
12 | A Yes. 
13 | Q Given the design para- 
14 meters for the Interior Route, are you satisfied 
15) that all steps have been taken so that no faults 
aa | could occur in the line, no break could occur in a 
17 | line in the eventof any earthquake activity in the 
18 Richardson Mountains? 
19 A Yes, the line has | 
z9 been designed to accomodate,the interior route, | 
21 very large earthquakes for that matter and | 
ee also a configuration has been recommended to | 
23 accommodate active faulting in the event that the 
ee line did traverse an active fault . 
a? | Q Are you saying sir, that| 
26 | you can guarantee that no break would occur in the 
a line in the event of any earthquake? | 
ze A Well, I am saying that 
eo we have implemented design measures that accommodate 
i very substantial earthquake activity. That is 
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+] perhaps not my guaranteeing -- These have been 

a the design recommendations. 

. Q So in other words 

; it would be fair to say that a break is still 

: possible, notwithstanding your best estimates and 

a designs? 

4 A Thebest estimates 

a anticipate or take into account very large earth- 

3 quakes. The design criteria have been recommended 
% on a conservative basis and employed in a conser- 

aa vative basis. 

12 | 

Q But nevertheless a 

break is Still “possible, as it not, Dr. Morgenstern? 
a A In the event of an 
earthquake that is unprecedented in our considerat- 
| Lons, one might speculate on “that. 

Q Is there any advantage 
a to twinning the line through potentially active 
“a _area in order to avoid breaks? 
20 

A I see none at this 

- time.-- Unless one had well identified active 

i faulting which you could rationally choose 

% EG uO thats ott ‘you -could @dentifty where your 

% concern for breaks rise, you might consider that. 
a Q Okay, and something 
Pa else that interested me, on page 15 of that material, 
ee Dr. Morgenstern, there is talk of considerations 

5 

a, taken into account relating to buried pipe -- that 
_ 

iy is about two-thirds of the way down that page and 

| perhaps if you might read sub-paragraph A. It starts: 
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"In the zone of highest seismic risk .... 
A "In the zone of highest 

seismic risk, where thereis a possibility of fault 

movements and if the main line pipe is buried in bed 

rock, the ditch will have a minimum depth of 

burial and the walls will be sloped. The ditch will 


be back filled with non-consolidating granular 


material”, 

Q When I read that I was | 
speculating as to what this accomplished. Perhaps | 
you could fill me in. 

A Yes, in the event 


of an active fault which we might regard as a 
scissor action attacking the pipe, we would like 
to allow the pipe to jump out of its ditch and 
react flexibly on the surface instead of being 
trapped by the scissor action of the moving rock 
and therefore this configuration is recommended so 
that movement out will not be impeded. 

Q Fine, thank you. 

Mr. Williams, this is 
something that came up I think on Monday. I was | 
unable to find a reference to it -- it is perhaps 
outside the terms of reference of this panel, but | 
nevertheless it has been brought up in Mr. Genet's | 
evidrance in chief. You gave evidence that there was 
to the best of your knowledge, 48" pipe in service in| 
this, Counery.: 
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part of the Interprovincial -- that it was my recollec- 
: tion that part of the interprovincial system had 
| 48" pipe, yes. 
: Q Do you know where on the 
: Interprovincial system that is? 
| A I thought there was 
if some in Manitoba and maybe extending into the lJake- 
‘ head system south of the border. 
: Q Could “you find “out for 
7 me where it is, sir? 
ike 
A LAGATU yes ¢ 
12 
Q Thank you. 
9) 
MR. GENEST: Mr. Commissioner, 
Pe I have some trouble with that kind of question. 
a This is, -- well, perhaps I am making a fuss about it, 
% but there's nothing else that we can do about it, 
if but it seems to me, sir, that we ought not constantly 
a to have cast on us an obligation to check out an 
answer like that given by Mr. Williams which went 
7" no farther than to say it was his impression that 
% there was. Now, Mr. Hollingsworth has had identified 
5 for him -- he can surely check that on his own if 
* he has got contradictory information, otherwise we 
by 
ll will have thse witnesses coming back all the time. 
=I THE COMMISSIONER: It is 
al 
al an oil pipeline that you are talking about, Tclect 
“d NOt: 
28 : 
A Thatstisicorredia! sim. 
. MR. HOLLINGSWORTH: WE1I1, 
aa Mr. Commissioner, my point was that you brought it 
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up yourself in your questions and I think that the 
question went to the type of experience that might 
have heen occasioned with 48" pipe and if in fact there 
is no 48" pipe, then I think that is relevant to 
the question that you put. to the panel, to Mr. 
Williams. 

THE COMMISSIONER: Yes, I think 
it is relevant, Mr. Genest -- the witness said that 
Be COulag find out, for us. 

ME. GENES! :, All right. 

MR. HOLLINGSWORTH: 

Q Dr. “Cooper, I think 
I should address this to you. The problem of scour. 
I assume that this is a long recognized problem with 
respect to pipelines? 

WITNESS COOPER: 

A I would not necessarily 
call it a problem. It is a phenomona that has long 
been recognized. 

Q It is something that 


must be taken into consideration with pipelines, is 





that so? 
A Certainly. 
Q And it has been | 
long recognized as such, has it? 
A No; sit has: not.. “IN 
fact many of the pipelines that have been built in 
North America have not, to ie understanding, had design 
input in the area of river engineering. 


Q Well, can you tell me 
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how recently it has become more of a consideration, 
if you like? 

A I think as a result of 
Dr. Hardy's work. I know in Western Canada that Dr. 
Hardy has involved Tom Blench, Dr. Tom Blench 
with our firm in the design of certain major 


river crossisngs in Western Canada over the past 20 


years. 


WITNESS HARDY: 


A Would you like me to 
enlarge on that? 

Q Yes, if you would, 
by all means, Dr. Hardy. 

A tT know, this to, be the 


facts of the situation, that back in 1948 we.at the 
University of Alberta in collaboration with the 
National Research Council, attracted to our staff in 
Civil Engineering, Dr. Tom Blench who had spent 

20 years or 25 years in India and Pakistan. He was 
available because of the change in government there. 
He was an expert in river hydraulics, you see, and 
he has made a very great contribution, not only in 
Canada, but on this continent. 

Now pit isle shortly after 
that that I became involved with the geotechnical 
problems on the Trans-Mountain Pipeline and that was 
the first major pipeline, trunk pipeline in Canada 
where -- well, it was one of the earlier trunk lines 
anyway, but it was certainly the first in Canada 


where any geotechnical input had gone into the 
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design and it was one of the first on the continent 
where any geotechnical input had gone into the design. 
WE11 -- 

Q Excuse me, what .date 
was that,sir? 

A In 1952 -- give or 
take a year there. 

THE COMMISSIONER: That was 
an oil pipeline? 

A It was an oil pipeline. 

Q Was it buried or above 
ground or above ground or both? 

A PEELS Dr ack ca Livy cai 
buried, but it did have one or two locatinns where 
there were short stretches that were above round. 
Followed by Ehat of course was Westcoast, where they 
had a number of so-called overhead crossings, but 
not above ground constructions such as being used on 
Alyeska, for example. While in the process of doing 
the geytechnical studies to the extent that they 
could be done on a one man operation, these river 


crossing problems came up and I introduced Dr. Blench 


to these problems. 
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The Trans- 
Mountain was the first system on this continent, I'm 
positive of that, where the expertise that he had was 
applied to pipeline crossing design, and it was new 
tothe industry, and we have in Carla, you see, as a 
result of his work, as a result of his publication, a 
result of his students, we have -- I think this is 
absolutely fair to say,that the standard of expertise 
that applied to the pipelines in Northwestern Canada 
in that area has been of the Sap aeereves Son ergs Of vany= 
where in the Western World. The information was 
spread from Canada to the United States and Dr. 
Cooper's involvement with Aleyeska came about first 
of all through the approach from Aleyeska to Blench, 
and people such as the Bechtel Corporation who have 


done widespread pipeline construction, or the engineer-| 


} 
| 
i 


ing for it, also the construction in the Western 
World, they were aware of him because they were doing | 
the engineering on the Trans-Mountain. So that it's 

not correct to say that it's a routine ‘standard problem 
and that 1b s very old. That is. the history of 1t on 
this continent, and we in Canada have made a very 
substantial contribution to the Seay of expertise 


and there is none better. I'll challenge you 





to prove that to me, sir. 


Q De. Hardy; I'm not 
arguing with you. I'm just.enquiring as to how far back) 
| 
i 
these considerations go, and you indicate to me that 


they go back to the late 1940's, which is now what? 
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A 1952. Blench, brought him 
here in 1948. 

Q So:it!s a.23=year period. 

A Teakhs ELoht: 


Q Which is a considerable 





Valley Pipeline first came across your desk, were you 
aware that the problems might be somewhat greater with 


scourvant chisi pant! of) the,country? 





WITNESS COOPER: A Generally we did not 
anticipate that the problems with respect to scour 
would be greater, for most of the events that we have 
to deal with. The one exception to that, of murse, 
is the scour related to ice jaming in the Mackenzie 
River, and the crossings of the Mackenzie River. 

Q And were you aware of 
such scour damage at the time this assignment, if you 


like, first reached you? 





A We were aware that the 





process would have to be considered. There had been 
at that point in time,to the best of my knowledge no 
observations of scour occurring during the formation, 
development and release of an ice jam. 


Q And when did you first 





come onto this assignment? 


record on that, I believe ee waseumlos0 or *71. 


been recognized as the ultimate or a cure for any 





breaks that might occur as a result of Scour? 





| 


| 


period of time, and when this design for the Mackenzie 





| 
| 


A I might have to check the 


Q And has twinning of lines 
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A I think my answer to 

that, my impression on that is that from an engineering 

viewpoint I do not believe that it is necessary to 

twin the line . I believe that the same level of 

safety, if you like, can be achieved on those crossings 

Where the lines are being twinned, as can be achieved 

on the crossings where the lines are not being twinned. 
Q Then you're saying there's 

no advantage in twinning whatev er? | 


A The only advantage would 


be that in the very low probability event of a failure,| 
| 
the access for repair of that failure. | 


Q How far apart would these 
lines have to be to be of any advantage? | 

A This of course would 
depend on the cause of any break that might, occur. 

On one hand, the cause could be possibly due to some | 
sort of a structural defect, in which case the gat | 
tion would have no bearing at all. 

Q Well, let's assume it's | 
because of an ice jam which has scoured down and Bacney 
in one of the pipes. 

A Thatissanetowhat occurs. 


If an ice jam occurs, we do get scouring and in the 


event that we get scouring such as we got exposure 





of the pipe, not to the bashing of ice but to the 
hydraulic forces of the flow of water. 
Q You can see I'm not 


an engineer. 
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A Then on the basis of 
my analytical work, I feel that the twinning or the 
separation would have to be in the order of several 
river breadths, certainly no more than aes Our 
work indicates that the maximum scour occurs when 
we have an immediate thickening of the jam to the 
point where it is marginally stable due to the forces 
actingionlite: Then we get essentially a cut-off 
Ofeathe ice’supplysto this jam,Such that scour can 
develop to its full extent, that is to the thickness 
of the submerged portion of the ice jam itself, 
scour can develop to its full extent over the entire 
length of the ice jam. Then we are talking about the 
need to separte the two crossings at some distance 
greater than this rather short ice jam, which would 
result in maximum scour. I believe that several river 
lengths would be more than adequate for this critical 
condition. 

Q I believe you mean river 


breadths. 


| 
| 
| 


A I'm sorry, river breadths, 


I hope I don't mean river lengths. 

Q iekthasia fLormulamkhat’s 
been worked up over the years as to how many river 
breadths you should have to ensure this, is there any 
relationship between the breadth of the river and how 
long an ice jam will be there? 

A No. The work that has 


been done on this project to analyze the scour beneath 


| 
| 
| 
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i 
an ice jam or associated with an ice jam has involved 
2 
some pioneering work, if you like. What we have had 
3 
to do is take the equations for flow and merge them 
4 
with the knowledge on the development of an ice jam 
S] 
and again input the knowledge and equations that 
6 | 
| predict the amount of sediment that would be transported 
7 | 
under Various cCOniditions. We then come up with an 
8 
| analytical model of the entire process which we would 
3 
use to predict scour and to predict how the ice jam | 
10 
would grow, how scour would develop in the event of 
ee 
this growth. This has been work that had to be done 
12 | 
agirectly-*as a result of this project. 
13 
Q Havdyou been involved 
14 
with the applicant's plans to twin certain river 
15 
crossings? 
16 
A Not-in? any Specitic 
az 
detail, no. 
18 : 
Q Are you aware how much 
19 
separation the applicant plans at any given river | 
20 
crossing? | 
ou | 
A You better answer that. | 
e2 
| WITNESS HOLLINGSHEAD: The 
Za 
; 
Suggestion in the preliminary design is approximately 
24 
= one river width. I might add that these preliminary 
| 
| designs, as they exist in the exhibits on the record, 
26 
5 are based on open water flow conditions, that is not 
related to an ice jam. 
28 THE COMMISSIONER: 
Q Dr. Hollingshead, 
29 
| just before you leave that subject, the cross-delta 
30 | 
route is twinned from the west side of Shallow Bay 
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: to Richards island -- it*s hard to tell on, this map but 
*| it appears to be for a -- 
=| A It is twinned for about 
; 35 miles, sir. 
4 Q Well, when you -- how 
6 | is the width, or at least how is the distance between 
7 the two pipes determined for purposes of that crossing 
of the Mackenzie Delta? 
°| A Yes sir, well as I 
i recall there's about 35 miles of the dual pipeline on 
the cross-deltia alternative. The overland portions of 
4 that -separation is 50 feet, which is primarily a | 
rs construction restraint. The portion across Shallow Bay 
os is a 200-foot separation which is again, just a nominal 
ee separation. The two major channels, which are left, 
a prior to the juttion that is Langley Island Channel 
wa and North Arm peidacxt crenne ly again the separation | 
ia is approximately one river channel width. Simibrly | 
is the twin crossing of east channel which is proposed 
no is again one channel breadth, nominally. That is some | 
or 3,000 feet. I might just add that our observation Pee | 
Be and judgement is that there is no real possibility | 
ag of a ice jam developing at points along that cross- | 
ae | delta route. 
a Q Well, if the crossing of | 
| , 
*y Shallow Bay were -- the two pipes were to be separated | 
a by the width of the river, so to speak, it would be | 
very much greater -- the two pipes would be a@ very 
a much greater width apart than 200 feet. | 
30 | 





@ A That. Ssactignta Gar. ,In 


ROH? > 7 . 


3 dete eos rate ais en 
, teers, baal TOW, Ss 
etal + sin al ye benders 


gem cihid no j lot of fees a? SE Ce a finite abaanoia ot 
= § 10% otf 03 axsagas Jt 

beni: wb 2 A 
«tie ,aolim 2c 

civ , Loew % 
sink) oft ab Weil tesOl dn to ,Mablw eee et 
9 esace ted 207 benkmietab <aqte, ows et 
(esiac ot SeenonM ed? to 

rat A 
' ws feu od do sotéim @£ tuods es” etene [isDvex 
inefyave att -avigeqtedia safeb-seox ens 
ami'sa ai doise , deed 02 B& noktemsqat sem 
se nostieg off .ditemtdaet Ho tgoumz enc 
fewt ofLep et dotcw aosse7eace sao t-O08 6 et 
dotiw .afanceda totem. owl) 20T -TOl2 625998 
brefel volvosd ef gate nologwee ens of solxG 
snq02 6f9 oleps Lennon ‘seebaton m3A dta0o“. Sas 
Uxbiw Leansrlo vevia ano yLesemixoigge ef 
gaj070 at doidw boongny, dese 20, pnsaeose niwa o> 
olisoimes ,dabseexd Lennedo Sno Aleps Bs 
nh woliteavieedo ab Jedd Abs Sout Sripime I stest Coe 
idlamog J622 OA B2 Shen jedt af daomepbyt base 
agorn zed! pote etatiog 2a Haigoleved mst eat 6 to 
,stuot 6ifeb 


SRIBeorD wit Ws«4eer Y mY 


mourn ga of e154 eagiy OW) eff. =—-- 8iev yas wollede, 
ninew #2 \dameqe ot on, \ savin oA 4O Mb iy ont yd 

6 38 blvow eegqia dwt of? -- tageetp dove yaey 

joo! O08 ase! cusqe dibiw tedasip soot 

at -2ké «gipi1 «' ded? he i. yr 





2509 | 


ALLWEST REPORTING L-TD. | 




















BURNABY 2, B.C. 


. Clark ,Hollingshead,McRoberts, 
Slusarchuk ,Morgenstern,Cooper, 
Hardy ,Williams 
Cross-Exam by Hollingsworth 


fact, in the Shallow Bay region we do not anticipate 
difficulty really either from scouring in general with 
oywithout an ice jam, primarily because the delta is 
a net depositional environment. There is no evidence 
of deep scouring in the vicinity of the line, and again 
the separaton there is just a nominal 200 feet. 

Q Well, why -- I know 
somebody else sougkt to answer this in the panel we 


\ 
| 


had last week, but without asking you to go beyond your) 





own field of competence, why are you constructing twin 





pipes under Shallow Bay, which is, so far as I can 

tell, the widest river crossing in tt whole system? 

The widest water crossing, the widest body of water 

that you have to cross. | 
A Yeo. Sit wreally. tease 

question, I believe, of cheap insurance in the event 


of a break from some other cause and the point being 


that in order to get in and replace a line under the 
conditions which may prevail, considering a break at 
the worst time of the year, that is during breakup, 
when you have a high water condition, you're out of 
service for a very significant period of time and it's | 


insurance against that that the lines are dualled. | 
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Q Well) 2f theres’ no 
danger of a break owing to scour or to an ice jam, 
then what are the other dangers against which you 
are seeking to insure yourself? iiiveu' re able to say, 
I don't want you to go beyond your own field, sir. 

A Perhaps Mr. Williams may 
wish to speak to that. 

WITNESS WILLIAMS: Failures 
in pielines can result from other reasons, for metallu-| 
rgical problems, failure in the steel itself. Usually 
this is initiated by a small scratch in the pipe that 
occurs during the construction processes and certainly 
historically there have been failures at these 
locations, where a small defect occurs in the pipe. 
They are few and far between, but they are -- they 
bave occurred and in Shallow Bay;.a.failure,of that 
nature would result in a prolonged shutdown. 

Q Are there any other 
reasons for twinning a pipe that you can give me? 

You mentioned the possibility of a failure in the steel 
itself. Are there any others that come to your mind? 

If this is going to be dealt with at length later 

on, I don't want to press you, but it has come up and 
if you'd like to enlarge on that answer you just gave, 
please do. 

A Noss tndonsitTehink Encan 
say anything beyond what Mr. Dau said originally. It 
is insurance, it is -- there are -- the risks are 


very minimal but the consequences of a failure are 
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if 
4 | very high. 

' MR. GENEST: Was not your 

i} question, sir, directed to other causes of failure? 

: I don't think Mr. Williams answered that. | 
| A pean #t 4of f®the teop eof 

_| my head think of another reason, other than the 

: | metallurgical situation that I mentioned, Mr. Genest. | 
i THE COMMISSIONER: Well, excuse 
“ me, Mr. Hollingsworth. 
11 | MR. HOLLINGSWORTH: Well, if I 
e may direct a couple more questions in that vein to | 
iS you, Mr. Williams. As I understand it, the line coming | 
di along the coast to go over Shallow Bay is now either 

15 | 48 or 42 inches, is that right? Depending on the 
ve | alternate use. 
y MR. GENEST: It's now 48 inches, 
” Mr. Commissioner. We filed -- we are applying for a 
i 48-inch pipeline, we're asking the Commission to look | 
” at 42 inches but the present state of affairs is that | 
oy | it's 48: 
32 MR. HOLLINGSWORTH: Well, it's | 
i either 48 or 42, depending on what's convenient, Mr. 
24 Genes t% 
25 | THE COMMISSIONER: Well, 48 
Al now but watch for revelation. | 
27 M R. HOLLINGSWORTH: It then 
28 goes into two 36-inch lines to cross the delta? | 
39 WITNESS ee ate iccurs west 

30 of Shallow Bay. It takes. into account there is a 
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dual crossing that crosses a small channel to the west 
of Shallow Bay, I've forgotten the name of it but it's 

| 
a few miles west of Shallow Bay where the O&¥alLine 
stares; ves 

Q And is it fair to say 
that it's going from a large diameter 48-inch line 
into two 36-inch lines because those two 36-inch 
lines can accommodate all the gas coming through the 
48-inch line? 

A fhat"'1S Correec. 

Q »O) they don't = need’to 
be any bigger, if they're twinned they don't need to 
be bigger than 36 inches. 

A This"2s “PE“boeth -36= 
inch lines are in operation, they have a capability Of 
transporting about the same quantity of gas as one 
48-inch line, yes sir. 

Q And if you have a river | 
crossing further south, for instance, that's twinned, | 


will the twinning line be 48 inches as well as the main 
line? | 

A That's what we have 
Ssiown-in-our- application ,*twin'48's E-think”’at four | 
major river crossings. 

Q And will both those 
lines be in operation, or only one at a time? 

A That option is open. 


It's not fixed, it doesn't have to be fixed. 


Q So you could use both 





48-inch lines at once? 
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A You could operate in that 
mode, yes. 

Q And you have a crossing 
handy in the event you had to twin your 48-inch line 
all the way down the valley. 

A That was not part of 
the consideration of twinning the crossings, no sir. 

Q But it nevertheless would 
be handy, in the event you did build another line. 

A ivican, t say "that. ale 
you were going to twin the line you might want to 
put in two more 48-inch crossings. 

Q Dr. Hollingshead, dealing 
with buoyancy, if we might. As I understand it, we're 
talking 48-inch pipe which is about 3/4 inch wall 
thickness, and can you tell -- excuse me, sir, can 
you tell me if this is more buoyant pipe than a smaller 
diameter pipe? | 

WITNESS HOLLINGSHEAD: I'm 


of 
gavall thicknesses of various 





diameter pipes so I suppose you could have both possi- | 


bilities. In fact, the river crossing pipe is not, 


as you referred, at this stage,it's not shown as 
3/4.inch. I. could be corrected. 


Q Let me assume a standard 





wall thickness. Can you give me a ratio of buoyancy 


between a 48-inch line and say a 36-inch line? 
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MR. HOLLINGSWORTH: I'm assum- 
ing the same wall thickness, sir. 

WITNESS WILLIAMS: 

A In the same wall thickness 
the 48-inch would be more buoyant than the 36. 

Q I'm wondering how much 
more? Twice as much? 

A Li. idon.et -kriow: dL won 
have those numbers at my fingertips. 

Q Would you know, Dr. 
Hollingshead? 

WITNESS HOLLINGSHEAD: No sir. 

MR. HOLLINGSWORTH: Mr. 
Commissioner, I see it's 12:45. I don't expect I'll 
be that much longer, but these things do have a 
tendency to drag on longer than lawyers ever 
estimate; perhaps you'd like me to continue tomorrow? 

MR.) SCOTT: The reason, 1 
asked my friend the question is because Mr. Mercredi 
wishes to make a short submission, and it would be | 
helpful to do that bedre lunch today, if that could 
be arranged. 

THE. COMMISSIONER: Yes. I 
should say that this Inquiry is going to visit each 
community in the Mackenzie Valley, the delta and the | 
Northern Yukon likely to be affected by the construction 
of a pipeline and corridor development. Et don't ne 
anyone to think that to be heard by this Inquiry they 


must journey to Yellowknife from their homes in the 


valley or the delta or Northern Yukon. The Inquiry 
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l Cross-Exam by Hollingsworth 
. will be in these areas. 
. MR... SCOTT s. «1 discussed that 
4 with Mr. Mercredi and he made it clear to me and I'm 
Sure he'll confirm if to you that he will not.be 
é present at the community hearing at Fort Simpson and 
a will not therefore be making any submission there, and 
a he therefore asked that he should be allowed to do 
>| so today. In view of those circumstances it seems 
nai to me that perhaps he should be heard, if this is 
rT a convenient break for my friend. 
12 MR. HOLLINGSWORTH: It appears 
ae it is, s 
14 THE COMMISSIONER: So if you 
= will give way to Mr. Mercredi, certainly I'll be 
“Et happy to hear Mr. Mercredi's -- 
7 MRorpsCOTT: Perhaps jmMze 
ce Commissioner, the panel could be excused. There 
19 is nowhere else to sit. ri 
20 THE COMMISSIONER: Yes. 
1 (WITNESS ASIDE) 
22 MR #cSCOTRE: (h take pitoert's 
23 not necessary to have Mr. Mercredi sworn. 
>4 HE COMMISSTONER: Well, Mr. 
25 Scottpuwhat .do «you ‘say? Should he be sworn? I'm 
| in your hands. 
27 MR oeSCOT Ree athinki~ Mrs 
2g Commissioner, it will depen don the course of conduct 
29 that is to be utilized at the community hearings. I 


think perhaps sworn evidence is no worse than unsworn 
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ee rT ee Fae J.G. Mercredi 
In Chief 

L evidence, and perhaps to protect us against future 

2) eventualities the witness should be sworn. 

3 THE COMMISSIONER: All right. 

4 Miss Hutchison, would you swear in Mr. Mercredi? 

5 

6} JOSEPH GERMAINE MERCREDI, 

3 | sworn: 

8 THE SECRETARY: Please state 

9 your full name. | 
ret A Joseph Germaine Mercredi.| 
11] DIRECT EXAMINATION BY MR. SCOTT: | 
12| QO Please carry on, Mr. 
ss Mercredi. 
14 A My name is Joseph Germaine 
i: Mercredi, and I'm from Fort Simpson, Northwest Terri- 
16 tories, and I'm also the editor of the"Mackenzie News". 
a T hope: I «didn’t. interrupt 
13 anything that was very important, Mr. Commissioner, 
19 because I feel that at this time I have to submit a 
cal submission to this Commission that would sort of bring 
4 some sanity to the boring type of policies that I've 
22 been hearing since -- and reading in the papers. So 
23 Mil start into my submission, if yow don’t. mind. | 
24 | I don't know how many times | 
| I've heard or read the Federal Government statement | 
26 a00Ut LES Priorities for the north. «They are poe oae cae 
27 like a phonograph with a scratched record. The govern- | 
298 ment's priorities for the north are as follows: 
39 cs Development of northern people in line with the 








kind of life they want to choose; 
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BURNABY 2, B.C. J.G. Mercredi 
In Chief 

| 
ut Ze Protection of the environment. 
2) | a. Deve lopment of pene mMatural resources’. 
. How often has the Minister 
4 stated that the natives will have free choice in the 
5 kind of life they wish to choose, or lead? How often 
6 | has he said that those natives who want to work for 
a wages will be assisted to do so? And that those who 
8 want to live close to the land will be assisted to 
9 lead the kind of life they want. | 
i) This northern development ! 
ll policy, this set of priorities has been approved by | 
i the Federal Cabinet, it has been tabled in the House | 
13 of Commons, it has been stated on a thousand lecture | 
14 platforms -- "People First." Then the natural 
15 environment, the mineral developmen ts, those are 
16 | the priorities that the Government of Canada has 
i? promised the people of the north and the people of a 
18 ada. Nobody would have the kind of suspicious nature | 
3) that would make him doubt the sincerity of these | 
20 Statements. Who would be as cynical i that? Who would > 
pri doubt promises | 
22 | 
23 
24 | | 
25 | | 
26 | | 
2 
28 
2p | 
30 | 
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BURNABY 2, B.C. J.G. Mercredi 
Submission 
| made by the MInister of NOrthern Affairs and by 
2 the privy council of Canada. 
7 Most of us natives in the 
: NOrth believedthe MInister and the Government of 
>| Canada. We certainly wanted to believe them, we 
al wanted to believe that for onee the North would rot 
a be treated like a colony -- like one of those banana 
J repulics in South America. We wanted to believe 
that the Government of Canada would act straight with 
| the Native people. We wanted to 4} ave that for 
| once the bureaucracy would follow policies laid down 
12 by the Parliament of Canada. I certainly believed 
eel the promises made by the Minister and the Government 
a of Canada and it is well known that if Joe Mercredi 
| believes something then anybody can believe it. 
all We wanted to believe that 
pe | the Government promised because it is our lives, 
a our future are the stakes in this poker game. Everybody 
19 Ghat an 
knows / the past twenty years Government policy 
ao has taken the Natives off the landamd put them in 
oo settlements in the Mackenzie District. Everybody 
| knows that the pipeline construction is a boom-and- 
i bust business. 7000 men at work this year and 150 
“ next year. We thought what the Minister was promising 
| was this: if we, the Natives, wanted to build an 
oa economy that did not depend absolutely on oil and gas 
a and the Maceknzie Highway, the Government would help 
a us -TO=d0 this. 
25 
That seems to be a fair 
S trade. The people of southern Canada get 500 billion | 
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dollars worth of oil and gas. We,the Native NOrthern- 
ers get some help in building up a decent, permanent 
way of life. Canada gets what it needs. We get what 
we need, that is fair enough. 

If the people of Canada get 
$5,000 worth of minerals for every dollar they have to 
spend helping us, that is fair enough also. We 
are the people of Canada just like everybody else 
is, except we have a special interest in the North. 

We live here. We like to live here, and we are 
going to keep on living here. 

Now, I just want to say 
again how much faith I had in the Government. 

HOw I .believed the Minister and the Cabinet when 
they said so often that their first priority was 
development of the people of the north according to 
their chosen way of life. 

Now, everybody knows that a 
lot of research has been done to help the Government 
of Canada set up the programs to follow through | 
on the Government's priorities. 

Research to help the 
northern Natives develope a decent kind of life. 

Peeeean the environment. | 

Research on mineral | 
resources and how to exploit them. 

I have in my hand here a 
book which describes 18 million dollars worth of 


research mostly done by the Federal Government, 


a lot more than that was spent by the Government. 
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1 This here was mostly in 1970') and 1971, and maybe 

2 an equal. amount was spent by Canadian Arctic Gas 

3) Study Limited and the companies that make it up. 

§ But this list of 18 million 

3 dollars worth of research projects is plenty to give 

6 | a good idea of the kind of informaiton the Government 
7| was looking for. 

8 There were 175 research 

9 | projects altogether. They cost an average of | 
10 $100,000 apiece. A total of almost 18 million | 
Hl dollars. 
12) Now, if anybody was setting 
BS up,research to help native people live better in the 

wis country, what would theybe thinking of? I guess they 
aa would worry about good housing and how to build it 

Be | at a low price. They would be thinking 

| about country food and. howmto,get ituand-get,1t 

oy onto the people's tables at a fair price. 
19 They would study how to get small industries going so 
29 we could make what we need, and not have to let all 
= ours cash, go. out,of, the, country. | 
os You could make a list of things 
= that would have to be studied and experimented with 

if northern natives were going to make a decent eee 
ae without all of them going into jobs on the | 
ap pipeline, Where the good timber is, how to log it | 
" and saw it, how to make it into houses and 

‘i furniture.and a: lot of, other. things... How to use 
wood to produce cheap heat and power for houses and | 
30 | 





od small manufacturing. How to travel in the country 
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: to get-at the furvand the ‘meat’ ©*How"to store the food 
é | and tan and manufacture the - fur into valuable 
3 clothing. How to educate the kids in remote 
a areas using radio and TV and video. 
2? This is the kind of 
° | research a person would expect if the Government was 
q serious when it stated its northern Development 
priorities. I looked over this list of 18 @mai lion 
: dollars worth of research, 175 reaearch projects | 
+8 costing $100,000 each on the average. | 
at I found one project with a 
42 price ‘tag “of e100 7000 “dollars “to “collect "data ‘on “the 
#3 mortality of fish angled and released, and 
a8 seismic survey effects. Mr. Commissioner, I did not 
4 see any item on the mortality of northern natives 
+8 angled into pipeline employment and then released. 
ai There was one $17,000 
48 project to study the behaviour of insects in the 
a northern environment. Mr. Commissioner, I could 
ze have answered that myself, Those that have jaws 
at bite, and those that have stingers sting. | 
a THE COMMISSIONER: How | 
a did the research turn out on that?. | 
at A There was a $50,000 
saa study of problems of modernization among native people 
a in the north. Every native in the north will tell 
af you that the mam problem of moderniaation, Mr. 
a Commissioner, is the studies. For the past five years 
every family includes a mother, a father, the kids 
| 
ae and a sociologist. They come in with the geese in | 








| 
| sal fd De 





























boot otf Sxode oF wat © Stet amy oa 
oiteulev o¢at 203 efz"s 


| ssooree at abit ‘pay asic 1 sigur a a a 
; ,oakivy baa VT parece wy sem l. 
‘o 6nést af’ wi e1AT a Wises wrasse, rn 


: 


caw Jramrrevod aay If Footer bivow soareqy W dbvanens’ 

_ Shanqolewed novsatxon elk botete dh ated Byotzes 
aor tLinn 82 <a Sadi eit? =Bae betook £% »eoithiolsg | 
| . stookorg ptoneemed 2\l.,Apmseses 3a Ssow wistteh 
Lopeteva sc? no dose WOOMIOLe’ ‘pitta | 


i Atle Jostary sua hao 2 -& 0) ae 


> 


we, 


7 _— 7 
= ao A 


- 


Se ea 


_—— 


a a 


s 


vif Ao weeb foehiad of eveiheb 006 008 86 pat eokxe 
tae ,boresten bas Bebpns mege 30 yoelsanom - 

‘cut bib 1 ,wanoteeinnad «2 -e7De%To gevave oimetee. 
| sovisae aeodyrid to Yi lation edt ge itedt yits sen 


pbaggelet asl’ Fae Thawryol pee ont bogi_ osnt bolpan, 





as 


C00 She aria eaw Scart ia Vee = 
wYot atoeenl to weelveded ofa yauow of togtorq 
| hives 1 ,gaboheawnine? .24  Seantoxkvde WxeAFIOM Te 
. aver ove ded) eect , hleaya todd Boxewans Sve. a 7 
praise easpatis svet tens saci bite vend | 
Wow: AGMA PIMA ew 
Tisdd’ av 2e0 co doa 
O09 022 = daw nabit A 
lyiqgs svisen onder nodseszeeabont Bo 4 fare 
| . Flee THe. Ad yon oz mut evissn yseva shat 
f LM \oidenensobom to matdoxgd 
tindilli 
| | “abit oils \aeds6% ©. veittom 6 sabu fo 
i Ata ont’ e APL ots aioe yodT 






ALLWEST REPORTING L-TD. J..G. Mercredi 
UPS By Mees Submission 

t the spring and leave with the geese in the fall. 

¢ They think that we are laboratory specimens. We in 

3 | the Northwest Territories have made more PhD.s 

4 than the Canada Council. 

) There was one research 

°| project which cost $270,000 on the efficiency 

’| of explosives in cold weather. I thought this 

3 would be useful to the natives considering now 

| useless all the rest were. 

" But I want to be more 

ih serious about this. It is a serious matter because 
12 | our lives depend on it. 1 mean that in exactly the 
13 Way I said it. I looked over the list of $18. million 
14 worth 

of research. I would like to find research into 

15 food, nutrition, housing, heating, clothing, medical 
16 care, better education, using fish and game and 

17 forest, off road transport, small industry, all 

18 these things that are so important if the native 
19 people are goingto be able to secure a decent life. 
20 haere were 135 projects. which 
21 cost $100,000 each on the average. I could not see 
ze a total of $100,000 which dealt with anythingthat 

23 had anything to do with the native people making a 

e4 decent living in the Mackenzie. NOt the value of 

7” one ;project,.out of the total of 175 projects:-., a 

26 little better than 1 1/2%. 1/2 of 1% of the 

ou research money spent on the government's first 

a priorty 99 and 1/2 % were spent on the environment 
a and mineral development, 99 and 1/2% spent on 

Me research to meet the objectives of the white society. 
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1 
1/2 of 1% spent on research to meet the needs of nor- 

$ thern native society. We need the knowledge 

; and the technology so that we can get back closer to 

: the land agan, but not in the old primitive way. 

: The Federal and Territorial Government promised us 

a something like this and they gave us nothing like 

"| this. They will keep on promising, but until a 

; lot of new and good research is done. A lot of 

; experimentation and pilot projects are carreid out, | 
ds they will not be able to deliver because they will not | 
know how to do it. Neither will we. 
- So what does this mean? 
- Let me tell you what it means. First, we will be 

me kept hanging up with no economic life of our 
uS 

own from now until the pipeline starte. ‘Wisi tug na- 

Ae ‘tive rights and claims settlement is made, 
- we do not know what to ask for because no one knows 
S what kind of resources and technologies the native 
‘as will need to make a decent living. 
a The government will force 
a the pipeline builders to take the responsibility for 
a all natives in the valley for four or five years. | 
e There will be 600 or 700 token natives on the | 
fs 
wa pipeline. There will also be 10,000 new southerners 
il in the valley. By the time the pipeline is finished, | 
- they will have the renewable resources all sewed up. 
26s When the pipeline is done and 
- 
‘a the bottom falls out all we will have is a wrecked | 
29 


society.Worse than some of the settlements are 


30 
experiencing it now. 
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THose natives that went all the way with the 
southern society will be 0O.K. They may 

not be doing what they want to be doing, but they 
will have some income and some status. The 

rest will be just like the worst Indian reserves 

we find in the south. Thisis the picture that I 

get from between the lines in this list of 

research projects. Does anyone want to show me where 
I am wrong? I will be listaing and all the native 
people in the north will be listening. 

What we need is some real 
research into natural resources. NOt how animals can 
be kept healthy, but how people can be kept healthy. 
How the native society can be kept healthy and can 
survive the invasion. What we need is some real 
research and some experimentation on housing, food, 
clothing, fuel, education, recreation, industry.. and 
all the rest. WE have to have new technologies and 
new production systems for using natural resources. 
The renewable natural resources. For the benefit 


of all of the native northern people. 


| 
| 
| 
| 
' 
| 
| 
i 
| 


The research has to be pene 


by the native and northern people and run by northern 
people. We do not have the expertise anymore 

than the Government has the expertise, but we can 
find it. And we can meke it work so as to get the 
knowledge that we need. The Government cannot 

do this or it won't do it. THis list of 


Government research projects clearly proves that. 


1 
| 
| 
| 
| 
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In Chief 

4 If we don't do this and get 

2 some honest help in doing it, we're going to be finished, 
3 we'll be dead as people, a lot of good men and women 

4 will be dead as individuals, because say what you | 
5 want, it's going to be rough and that zoo up in Inuvik 
6 | is going to look like a Sunday School by comparison. 

7 As this book shows, the 

8 government spent $18 million on the biology and 

9 engineering in 1970 and '71. $9 million each for the | 
lo | government's two lowest priorities. Nickels and dimes 
de}. for its highest priority. The Government of Canada | 
12 | obviously needs some help, or its Civil Servants are 
a going to make a liar out of it. 

14 Ne, che=nativerpeoplre tor tie 
45 north, would be glad to help if the government would 

16 fund research and experimentation which we would 

a7 design. But it's obvious that we can't deal with the 

18 Cavil Servants on this. If*they*#e°clever enough to | 
£9 make a liar out of their own boss, the Privy Council 
20 of Canada, they are clever enough to complicate the 
ei procedures and obscure the issues, and delay action 
22 to the point where we are paralyzed. | 
23 In summary, Mr. Commissioner, | 
24 I am aresoeedee as ahortherner to submit to you a 

25 | proposal in detail for examination of the resource 

| 

26 base of the Upper Mackenzie from the perspective | 
27 of northern native needs, relating these to the many 

28 and various technological possibilities for more : 
23 effective use of the resources in the interest of the | 

so! native people and northern society as a whole. 












































bere lit om ss para at 7 | A patob or qisr. teenos, soe : 




































eces : 
. 
] 


fheioertt avd y 
tei al 


") 7 ; 


jsp foe slid ob P'peb oy Bef (rained yun Sahe na 4 7 


comew Bas cam fHoce 20 Jol s ,sigesg as bseh od {it ew 
voy tetw vee seveved ,eleubivigal es baeb od L[liw is 
quet ei ov cos ted¢ bas dpwox sd°99 ontop 8122 .3aew 
Fan vf Loodet yebaw2 s eArS tool ot patog #4 

af! swore “nod ett? eh i 


’ % 


ford ot? , pokidin S12 tneqe gasmnxzsvop 


tm 22 ‘Tv’ bow OVCL ab privesnipns | 
4.50299 »aswol ows, B tnsmmrsvop 
363 vrisoiwa Zesdpid 831 xot 
Pps i 6 , fod eaoa phaen ylavotvdo 
‘mn ~wo 26LE 6 oalsm oF patop 
A 
rate 49 3%) afet oe bstp od Bluow ,f3202n 
ictremixeqse Baa dowseest Band Fe 
ow 3sd2 evoivdo a'df oud .mptaeh , 

. oo¥ % ved’ TL - eid’ ao esnsvied Livid fe 
weer nwo alerts 9 300 spill 6 soem | 
if a we Tqveln e%6 yess .,B85sns) 30 | 

sfeb ics .ususeat otle eaededn Bas. aeteossosq At 

2 lomq sie ow sxrefw sniog ef? of 
ae th : 


a2 tind ( t62n/t1et6s en hesagezd . I 
pitta say 3 tol tattiomxs so? Lisseab mt iseogora 
wy Lliseresed 3! mot site anae 329qq0 ent 290. oaad — = 

wns af2 of SeSce oritaley , absent aviosa ia so 


: | 
“3671 tol gafilliciaeey; leoipalonlnas rt oo) bet ill 


=, ae 


eft to »vestesrl sts cl esotuero: sift Io sau ov i is 
i 7 Pou 
a 


, = 
-eloilw 2 22  isicoe misisxon Dasa” IC 


2526." | 


ALLWEST REPORTING L-TD. 
BURNABY 2, B.C. 


J.G. Meneredr 
































In Chief 

1 Thank you. 

2 THE COMMISSIONER: Thank you~, 
2) very much, Mr. Mercredi. Would you leave with the 

4 Commission the statement that you read so that it 

5 will formprt of the official record of the Inquiry, 

6 | and would you, when we adjourn, take up with Mr. 

| Scott, Commission counsel, any further submission you 

8 wish to make along the lines that you indicated in | 
9 the closing passage of your statement, and would you 
A also show that book to Mr. Scott? I think we probably 
Bel have it but it sounds as if it might be of usefulness 
12 to us. 
13 (WITNESS ASIDE) 

a4 THE COMMISSIONER: So are we 

i to adjourn then until nine o'clock tomorrow morning? 

16 MR oCOTI's) Yes, eMis. 

17 | Commissioner. : 
18 j THE COMMISSIONER: We'll adjourn 
1s, untii . nine tomorrow morning. 
20 (SUBMISSION OF J.G. MERCREDI MARKED EXHIBIT 81) 

21 (PROCEEDINGS ADJOURNED TO MARCH 20, 1975) 

22 

23 

24 

25 

26 | 

27 | 
28 : | 
29 
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2 Maech 120 GES 7S: 

3} (PROCEEDINGS RESUMED PURSUANT TO ADJOURNMENT ) 

4 MR. GENEST: Mr. Commissioner, 
5 before Mr. Hollingsworth resumes his cross-examination, 
6 | I have advised those of my friends who I've been able 
7 | to speak to today that we have now received two early 
8 cross-delta reports we have available for inspection. 
9 The alignment sheets as to which I spoke to you were 
10 put on the same plane that Mr. Marshall was put on 

11 yesterday, they were confused with some band instru- 
12 Ments, and I am informed they were put off the plane 
B3 at Edmonton and we are hoping that they are going to 
14 arrive today, The trunks’ which contain: these 

15 also contain the minutes of the meetings in April of 
16 | 1973 requested by Mr. Anthony. Again I am hopeful 

1? that we are going to get that sorted out with the 

18} - p.w.a. during the morning, and have them available 

19 this afternoon. 

20 ie apologaze tor this. “They 

21 were checked as personal baggage of those who were 

22 coming up yesterday and once again we seem to be 

23 having problems. But I hope to have them this 

24 afternoon. 

a | MR. SCOTT: Mr. Commissioner, 
26 | I'm sure Mr. Genest as usual is doing the best he can. 
27 It need hardly be said that not only Commission 

28 counsel but each of the participants is concerned 

29 to have this material. We're three weeks into the 

30 





hearing with a route change of very substantial 
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proportions that was announced just shortly before | 
the hearing. We have yet received no documentation 
whatever with respect to it, and it's contemplated 

that we should just. carry, onvas if-thingsnare the 
way they were four months ago. Now I know that Mr. 
Genest will do the best he can. I presume that we 
won't have any talk about the urgency of this matter 
from Arctic Gas when it's unable to provide the 
essential docum_ents on which its route -- on which 
its recent route is based. Wel L,..an-..,end, .ofmthat | 


at least for the time being. 





MR. BENEST: Well, I will bleed 
publicly for Mr socort tl Ss benerit.. 
MR. SCOTT: I'm sorry to see 


my friend bleed publicly. I hope he and his clients | 





won't complain publicly as they have been doing from 





time to time in the media about urgency, because if 
ey can't comply with the simple production of a route 
changevin, tine for the Inguiry.to,deal withsitgeit 
seems to me that they'Re in no legitimate position to 
complain to the public that there is some urgency about 


thisimatter, 





THE COMMISSIONER: Mr. Hollings-+ 
worth, I was hoping to have a chance to gavel this 
Inquiry to order this morning. 


(LAUGHTER) 





L should .say i, thinkiall of 
you might be interested, this is an historical note 
that I have received a letter from Mr. Henry J. Mann 


of Chilliwack, B.C., who says: 
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"Dear Justice Berger: 

I have read a news item 
in 'The Sun' which said you had to use an 
ashtray as a gavel during your hearings. 
Enclosed is a gavel whih contains a small 
bit of the history of the Territories. It 
was made from a timber taken from the 'S.S. 
Mackenzie River' which travelled the Macken- 
zie River system for many years. The gavel 
was made by Mr. Joe Bird, carpenter foreman 
with the Government atpFortySmithi@~eMr, 
Bird's father was a long-time river pilot 
on the northern river system. I would be 
very pleased if you would accept the gavel 
as a gift. Incidentally, the'Mackenzie 
River' was a Hudson's Bay Company boat which 
carried much of the pipe for the Canol Pipe- 
line. On one occasion she pushed 1,600 tons 
of pipe from Fort Smith tqNorman Wells. In 
those days that was a very large load. As 
one who has spent many years in the north, 
latterly at Yellowknife, I would like to 
tender my good wishes for the successful 
conclusion of your difficult Ree 

Yours sincerely, 


"HENRY J. MANN. '" 


So I think I should tell all of you that I have 


2529 | 


accepted this gavel and I think, if nothing else, it 


should enable me to bring Mr. Genest and Mr. Scott to 


order oftener than I've been able to in the past. 
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1 I should say I've written to 
a Mr. Mann and thanked him for this thoughtful and | 
3 touching gift. | 
4 Well, Mr. Hollingsworth, we're 
3 ready for you. | 
6 | MR. GENEST: Perhaps you'll 
7I need your gavel again, sir. There are two matters 
8 on which you requested information yesterday. One was 
9 the existence of 48-inch pipe in other locations. You 
10 || recall a a a Mr. Williams and he has that infor- | 
11 Mation, if it's convenient for him to give it now and | 
12 my friend doesn't mind. ! 
13 MR. WILLIAMS: Yes, our | 
14 records indicate that in 1972 Interprovincial Pipeline 
15} constructed 80 miles of 48-inch pipe in Canada. This 
16 | was installed in 16 loops between Kingman, Alberta, | 
17 | and Gretna, Manitoba. The pipe was API, 5 LX 52, 
18 Peweaiiienicrnass of 406 inches. im addition, in] 
19 1973 our records show that they installed 179 miles 
20 of 48-inch pipe, iSeries was in Canada spread out 
21 in sections in Alberta, Saskatchewan and Manitoba, 
22 and 36 miles was installed in Minnesota. 
23 THE COMMISSIONER: Was the | 
24 wall thickness the same? | 
. | MR. WILLIAMS: To the best 
26 | of my knowledge, sir, yes. | 
27 ; MR. HOLLINGSWORTH: Terence 
28 another matter, Mr. Genest? | 
29 MR. GENEST: You requested 





30 the buoyancy, which we left when Mr. Mercerdi gave 
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aaa ie! ie sey 9 L-TD. Hollingshead : 
| 
1 evidence, I think that was the last guestion, and Dr. 
2 Hollingshead has got his slide rule out. 
3 MR. HOLLINGSHEAD: It was a_ | 
4 question of the relative buoyancy of the different | 
5 Pipe sizes. The 48-inch pipe is approximately 75% | 
6 | more buoyant than a 36-inch, and approximately 30% 
7 | more buoyant than a 42-inch. This depends in no small 
8 measure on the relative wall thickness of the pipes 
? involved. 
10 MR. HOLLINGSWORTH: Thank you, 
St Dr. Hollingshead. 
12 | | 
| 
13 | JOHN IVOR CLARK 
GARRY WOOD HOLLINGSHEAD 
14 EDWARD CHARLES McROBERTS | 
WILLIAM ALEXANDER SLUSARCHUK | 
BS NORBERT REUBEN MORGENSTERN 
: RICHARD H. COOPER 
16 | Rew CARDY! | 
GUY LESLIE WILLIAMS, resumed: | 
M7 
18 
19 | 
20 
aL | 
22 | 
23 | 
24 | 
25 | 
| | 
26 | 
Pod 
28 | 
29 | 
30 
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ae Aa Sa Clark, Hollingshead, McRoberts 
Slusarchuk, Morgenstern, Cooper | 
Hardy, Williams 
Cross-Exam by Hollingsworth 




















1 

“| CROSS-EXAMINATION BY MR. HOLLINGSWORTH (CONTINUED) : 

; Dr. Clark, on page 11 of your) 

: printed notes, printed remarks, perhaps I might say, 

/ 

° there is the statement that undable terrain is most 

| common in high ice content permafrost areas,on 

7 sloping ground adjacent to rivers,near the ocean and 

P| in some parts of mountainous regions. 

? For the most part,where are | 
10 the high ice content permafrost areas of the proposed | 
| route? | 
12 | | 

WITNESS CLARK 
13 
| A SOcty 7) 17Gi1 0) nOt 
if hear the end of your sentence there. 
| Q 1 said, for the most 
Le | part where are the high ice content permafrost areas of 
b7 the proposed route? 
18 
A For the proposed 
= route. In the continuous permafrost zone, sir. 
29 Q In other words, in the 
3 north? 
= A Yes. 
oS) : 
Q And the locations 
; | 
ca near the ocean, would they be exclusively along the 
4 coastal route? 
9. { 
ve A Yes. 
27 | 
Q And the parts of moun- | 
ee tainous regions which are unstable, would they be | 
29 ; | 
exclusively on the interior route? | 
30 || ; 
A Westin Silks. | 
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Clark, Hollingshead, McRoberts 
Slusarchuk, Morgenstern, Cooper 
Hardy, Williams 
Cross-Exam by Hollingsworth 

Q And the sloping ground 
adjacent to rivers, I assume would prevail all along 
the “router 
A Yes, sir. 
Q Would sloping ground exist 


on the cross-delta route going in and out of the water? 


A There are very low 


banks on the cross-delta route, sir. 


QO And does that count 


as being near the ocean? 

A Not in the sense that 
we use it. What is intended here when we say "near 
the ocean" is direchiyead jacent topateilgthere are 
areas of coastal retreat. 

Q Shallow Bay is part of 
the ocean, is it not? | 
A No, Shallow Bay is part of 


the Delta, rather than retreating, that is actually 





Pacaine up. Agrading,. 

Q Areas near the ocean 
which are unstable, how near the ocean must they | 
ber tosdquality —-7 | 

A It varies along the | 


coast. I believe that there are some figures 

quoted for different regions along the coast as to 
how much coastal retreat has occurred over the 

time span that people have records, and I cannot 

lay my hands on those numbers -- or I could lay my 
hands on those numbers with time and I could produce 


something for you on that. | 
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: Q Vo «tne best OF “your 
se recollection you could not tell me ‘how near the 
3 ocean instability would possibly occur? 
: A Me would be ragnt ad— 
: jacente tO it. 
. Q Within -- 
4 A Within feet or hundreds 
in of feet. 
°| Q And on page four of 
| your Notes, the last paragraph thereof, it states, 
ss "Along the rest of the pipeline” route’... 7, and” that 
is means excluding river crossings from what I interpret 
| Carlier, )"...about 95% Of the terrain is <flat -to 
ig gentling undulating with dopes less than 3°." You 
- did mean 95% of the terrain apart from river crossings. 
” in that statement, did you? 
i A That would include river | 
a crossings, sir, slopes. 
“ Q Well, perhaps we could 
ze read -- perhaps you could read the whole paragraph, 
ss six: 
a A Yes. 
a 
7 "Major ice jams can occur during spring break 
5 
i. up wsulting in a temporary increase in up- 
a stream water level and possible river bed 
am 
nah scour. These aspects of river crossings have 
EA been considered for each major crossing." 
‘ Now, on my own note here I pa marked and it did © 
not come out that way, that there is a new paragraph 
ee there. 
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"Many of the steeper slopes along the pipeline 

route are located at the approaches to river 

crossings. Along the rest of the pipeline 

route about 95% of the terrain is flat to 

gently undulating with slopes less than 

Se ca 

Q Stopping there then 

Dr. Clark, I would interptet that to mean that from 
apart from the area of river crossings that 95% of 


the remaining route -- 


A I couldee how you -- 

Q -- on slopes less than 
oo 

A I can see how you 


Seould inecerprer gut that way. in. -- 


Q And you are saying that 


that is not the intention of the paragraph? 


A ina Ls right, and, in 


our report on slope stability here, Wehaye 5 catalogue 


of all slopes and Dr. Morgenstern showed the 686 


slopes, I believe, that are over 3° in inclination and 


that would include the river crossings. 

THE COMMISSIONER: WE11 
that sentence, just so I understand you, that 
sentence should really fay, Alone the whole of the 
Pipeline route, about 95% of the terrain is flat to 
gently undulating with slopes less than 3°? 

A- Yes, sir, and, that is 
my understanding from the analysis that was made 


of the slope angles. 
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1 

zB Q Now, of the 600 and 

: some odd slopes which Dr. Morgenstern listed, are 

: you able totell me how many are on the interior 

route? 

5 

: A This is the prime route 

| that we are talking about,sir. 

| Q By prime route you 
a and 
: mean coming along the coast / down the Mackenzie 
VAlley ? 

10 
x A That i Sariqht le sin =< 
“e Q Or do you mean going 
al across the delta? 

oy A Along the coast, down 
ne the Mackenzie Valley and the route as filed originally. 
| We have not had time to reassess the east of Simpson. 
i I do not believe that the numbers will change a great 
ie deal. 
- Q Supposing that we left 
NG off the coastal route for the moment and substituted 
oI the interior route. What would that 95% figure, -- 
a I am getting ahead of myself -- I assume that that 95% 
# figure would be reduced. 
24 
ye 
26 | 
27 
28 
Fis, 

30 
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Cross-Exam by Hollingsworth 

A The overall percentage 
would probably reduce. We don't think it would reduce 
a great deal because of the fact that this incorporates 
all the rest of the route from the Junction down. 

Q Well sir, the interior 
route, looking at it with my naked eye through these 
glaring lights, would appear to be -- the part in 
Canada would appear to constitute about 20% of the 
route, is that not so? 

A The part in Canada 
constituting 20%? 


Q The part. “Or the interior 


route in Canada would appear to constitute about 20% 


of the total route. 


A Perhaps; I would have to 
Q im not trying to pin 

you down to an absolute. 
A It is quite an easy | 


percentage to work out,simply by looking at the scale 
of the map and taking the miles and dividing it by 
the total. 

Q And does not that route 
come down from mountains in Alaska and go up over the 
Richardson Mountains in order to come down through 
the Mackenzie? 

A. It comes through the 
mountains, yes. 

Q And does it not encounter 


| 
Slopes of greater than 3 degrees in slope? 
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Slusarchuk ,Morgenstern,Cooper, 
Hardy ,Williams 

Cross-Exam by Hollingsworth 


A Oh, indeed it does 
encounter slopes greater than 3 degrees. 

Q And does it not encounter 
more slopes than the coastal route does, greater than 
3 degrees? 

A Yes, it would encounter 
more, yes. 

Q But you still say that 
the percentage as expressed in this paragraph that's | 
been read would read approximately the same or a bit 
less? 

A No Sia Ticaidwat would 
change but not a great deal. 

Q Well, how much would it 
change, sir? 

A That would require an 
analysis and it's something that we could do. | 

Q Welle then;,y ifi:locan 
go back to the unstable terrain Which we discussed a 
bit earlier and the terrain which is on slopes greater | 
than 3 degrees, it's a fair statem ent to say that 
this -- these constitute one of your most difficult 
problems in the geotechnical sense, is that not Might? 

| A Mmenoterollowing your 4 


question, sir, so I understand it. 





Q The problems which we 
have discussed this morning, the area near oceans, 
the area coming down to river banks, the area of 


high ice content and the slopes of greater than three 
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Clark,Hollingshead,McRoberts, 
Slusarchuk ,Morgenstern,Cooper, 
Hardy ,Williams 

Cross-Exam by Hollingsworth 


degrees, these would constitute your major geophysical 
problems, would they not? 

A Those would be the 
areas of our major geotechnical concerns, yes. 

Q i'm sorry, geotechnical, 
and these areas are by and large on the coastal route 
coming to the Mackenzie Delta from Alaska or on the 
interior route coming from Alaska to the Mackenzie 
Valley, Ls that noe the case? 

A Any concerns associated 
with the ocean would have to be along the coast. The 
pipeline is, however, well back from the coast so 
that it does in fact get what we would call terribly 
near to the ocean to the point where it would be 
affected by coastal retreat. This is a general state- 
ment on unstable terrain. Now with respect to the 
slopes, our routing that has been™selected onthe 
basis of our analysis does not cross any slopes which 
currently show signs of instability. 

Q But you recognize that 
these are areas -- 

A Yes, we have arbitrarily} 


accepted three degrees as being a point beyond which 





we would make some check of every slope. 

Q And 2f=your- dine t. wave 
slopes of three degrees or greater, you'd be happier, 
would you not? 


A I would say that from 


every point of view if we had thousands of miles of 
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Cross-Exam by Hollingsworth 


flat ground that at least people building the pipeline 
would be happier, yes. 

Q Would I be correct in 
my assumption that there is such a thing as a geotech- 


nically sensitive area? 


A Yes, you would be. 

Q Such as the areas we've 
described, for instance? 

A It's usually expressed 
as terrain sensitivity. 

Q Can you expand on that, 
please? 

A Well, terrain sensitivity 


-- there are several factors that go into assessing 


sensitive terrain, and terrain for instance that might | 


be sensitive this year, might not be sensitive next 
year. It also relates to the depth of thaw in the 
active layer, the climate, the amount of rainfall, 
Such things as forest fires and so on; but normally 
the sensitive terrain is terrain with a very high 
ice content. 

Q Is unstable terrain 
geotechnically sensitive by your definition? 

A By our definition, 
unstasie terrain is where an instability exists, where 
there is movement occurring. 

Q I'm sorry, is the answer 
to my question "yes" or tne"? 

A Unstable terrain, by our 


definition, is terrain that is failing, it's unstable. 


{ 
| 
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URE Sy Bah Clark,Hollingshead,McRoberts, 
SlIusarchuk ,Morgenstern,Cooper 
Hardy ,Williams | 
Cross-Exam by Hollingsworth 
Q And is that considered 
geotechnically sensitive? 
A Yes, it would be. 
Q Would you refer to Exhibit 
66, sir? I'm SOrryyse that's, the exhibitin support 
| of the amendment at Fort Simpson, and on page 16 of 
the environmental statement, sir, I would refer you 
to a passage, the last sentence particularly, sir, 
states: | 
"Along the east Fort Simpson routing, the | 
Ebbutt and Red Knife Hills are noted as 
being particularly sensitive to disturbance, 
thus requiring special erosion control 
measures." 
You'll agree that's what that says, sir? 
A Thats right, 
Q And further back in the 
Same volume in the route alignments, the map I found 
which seems most helpful -- there is no page, it's | 
in the section called "Construction Plan", and the | 
drawing number is 1-B-0231-1006. That shows, among 
other things, the Ebbutt Hills, does it, not, sir? | 
A Yes; 2t;do0es; sir. | 
Q And it shows the wiserine 
{ 
going straight across the top and down the side of the: 
other hill, is that not right? | 
A Yes sir. | 
Q And in fact it shows the, 


countryside, according to height, by the lines on it, 
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Clark ,Hollingshead, McRoberts, | 
Slusarchuk ,Morgenstern, Cooper, 

Hardy ,Williams 
Cross-Exam by Hollingsworth 
does it not, sir? 

A Yes sir. 

Q And to the south -- that 
is to say between the Ebbutt Hills and the river -- 


can you describe the lie of the land there? 
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Clark, Hollingshead, McRoberts 
Slusarchuk, Morgenstern, Cooper 
Hardy, Williams 

Cross-Exam by Hollingsworth 














A In the Ebbutt Hills 
and, the river, 1t 2s generally tlat land’ there. 

Q And it is not swampy? 

A It is not shown as swam- 
py on this: pilen and -= 

| Q The swampland is shown 
further over to the west -- 

A The swampland is shown 
there, yes. I am not sure if that is a feature of | 
the terrain, however, or a feature of the land -- | 

Q Are there any geotech- 
nically sensitive areas between the Ebbutt Hills | 
and the river, sir? 

A I cannot answer that, 
Sir, trom this map. | 

Q Do you; know it on the 
basis of your knowledge? 

A NO; Sil. 

Q Does anyone on the 
panel? 

A There is no slope 





problems that we know of there, I can tell that from | 


the map. 


Q Maybe I can ask it this 


way: As between the area which has been described 


as sensitive, the Ebbutt Hills,as compared to the 


land between the Ebbutt Hills and the Mackenzie River, 





which would be less sensitive geotechnically? | 


A You are asking me to 
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Slusarchuk, Morgenstern, Cooper 

Hardy, Wiliiams 

Cross-Exam by Hollingsworth 
compare the route -- the land which the route now 
crosses compered to the land between the route and 
the river. 

Q I am. There is no 
evidence of sensitivity between the river and the 
Ebbutt Hills, is there, sir? 

A Well Unfortunately, 
Sir, this, 1s not a ‘Sansitivity map “and. cannot 
interpret it in that context. I could undertake to 
perhaps look at the types of maps that might give 
us more information than this one. 

Q But you are aware of 
no sensitivity problems between the Ebbutt Hills and 
the area, are you? 

A I am not aware of any 
problems between the Ebbutt Hills and the river. 

Q But you are aware of 
some in the Ebbutt Hills because your statement says 
that’: 

A Within that total area 
of the Ebbutt Hills there are potential problem areas 
and existing slides in some locations. 

Q Do you know of any 
geotechnical reason why the route could not have gone 
around the Ebbutt Hills to the south? 

A No, it would not be 
selected on the basis of geotechnical reasons. There 
is no reason why it could not go south and I could 
see no reason why it could not go north or where 
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Slusarchuk, Morgenstern, Cooper 
Hardy, Williams 
Cross-Exam by Hollingsworth 

















: Q Strictly within the field 
“| of your expertise you see no reason why that 

3 | route change could not be made? 

4 A That is right. 

5 Q The geotechnical person- 
6 nel did help on the location of this route, did it 

7| not? 

| A Ves, COmtene best vor | 
9 my knowledge. | 
0 Q And did they assist | 
11 on the Fort Simpson amendment? | 
va || A Geotechnical personnel | 
13 to the best of my knowledge, yes. | 
14 Q Are you aware of any 

Ts particular event that is occurring eround the | 
- Ebbutt Hills, sir? 
17 A I beg your pardon? 
18 Q Are you aware of any | 
19 particular event of man that is occurring around 
20 thevPbbuttshitls in thesnear future? 
21 A Any particular event 
— around the Ebbutt Hills? 

23 Q Yes. | 
A Well, we propose to be | 
| doing some -- | 
ro MR. GENEST: You mean the | 
aa Caribou Carnival? I do not understand the question. ! 
Se MR. HOLLINGSWORTH: | 
a Q Are you aware of any | 
mth scientific studies going on around the Ebbutt Hills? | 
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Slusarchuk, Morgenstern, Cooper 
Hardy, Williams 
Cross-Exam by Hollingsworth 


A Any seismic studies? 
QO Scientitic studies? 
A We have ourselves land 


use permits to do drilling in the Ebbutt Hills. 

Q Are you aware that the 
top of the Ebbutt Hills has been designated for the 
International Biological Program? 

A inat £8 Not my 
field of expertise, but I am sure that our biologists, | 
if that is the case, would probably know of it, but | 
that is not known to me. | 

Q Was anyone else on the 


panel aware of this? Do you know anything about 


the International Biological Program? 


A I know it by name. 
Q Is that all? 
A That Ls aoout all, ves. 


WITNESS WILLIAMS: 
A The International 
Biological Program is referred to in several locations 


in the response to the Assessment group inquiry. I 





think it is question number -- I think it is in 
question number 7. I would have to check that | 
£Or SUre. 

Q But notwithstanding 
this study the route is neverthe less projected to 
Go straign: Across the cop or the Bbbutt Hills rether 
than around it? 


A I thought the question 





was, were we aware of the work of the International 
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Cross-Exam by Hollingsworth 























; Biological Program. 
: Q I had asked that, sir, 
: yes. --And your answer to that question is what? 
< A It was that we are aware | 
3 of it and we have referred to it in response to the | 
° Assessment Group questions, but not specifically with 
7! FeSpect= co" EbDUCEHITIS: 
: Q And my next question 
‘ was notwithstanding that knowledge of yours, the 
oi prime route is still intended to go straight across 
= che top of the Ebbutt’ Hills“and not ‘around it? | 
a A That is what we | 
i have filed in the amendment, yes. 
- MR. HOLLINGSWORTH: Thank you. 
of: I do not think that I have any more questions, | 
a Mr. Commissioner. | 
he MR. ANTHONY: Mr. Commissioner 
a and :panel, we have been rather silent through the | 
= exchange between Mr. Scott and Mr. Genest about the 
a technical nature of the evidence -- although we of course 
a have very serious concerns about the technical evidence 
% and as may become evident as we go through some of | 
a the questions that I have for the panel, I would | 
a hope that you would attempt to treat me, as in fact 
I am, a layman on this -- on these points and will 
Ae bear with me as I attempt to simplify some of these | 
ae concepts so that I can understand them and I invite | 
ha you to just answer these questions andecaliia 
e Spade a shovel if you have to -- as a matter of fact | 
30 | 
| 


I attempted to get some questions for Dr. McRoberts 





























tie ,tedd betes hod i Q 
| ¢tedw et NERORSAD ted3 oF xewens eeoy Bana sasy - 
siswe 926 Sw tad enw tL A a ‘4 Litem Wel | 
att 6d oeaogest at 22 0d bexuetet svsi ew Sts Si to 
d+iw vileolistvece 708 tad ,enotseeup. a ti ae 
| sats asides, 02 tegen 
aettaoup gxan yn bat 9 
off ,axvoy ta epbelwoaa Isnt pnibgsdeads iwson asy a 
vacrps tdpiatte op.o2 befmetci Lite ai stuor amizg 
ct: bovots Jon bas Bitty ttuddi sd3 jo got odd 
ow tedw ai IsnT A 
,eoy «Snembacms oft at belit sved 
por teed? yRrAOMeoMT LOR VAM 
_anoiteeup o1dm yas sved I tedt aAnifdt toa e IT. 


-1encltertmioD .1M a | 


xoaohaelomS) .aM 2YMORTBA - aM _ 
oi? dpyexds Josite sedges noed aved ew ,iensg dns 

. eit Juods Jasna .2M bas Jte0d .aM neswied eprisd2xe : . 
Sagoo to SW dpsodsls -- 9oasbhive edt to exnzen Ispinioed 
sousbhive Leoteadosd. aft tuods eaxeonoo evolise yxev eyed 
to swoa dpvoadt og ow as Sneelye amozed ysn 26 bas | 
bivow I ,fensq 9f9, sod aved f teat enotsasup ens | * 
oat nt ‘ee ,om teo7s oo tqmeszs bluow yoy ae SEF 


‘ite tend ee 
| eaods 10, smtpd’ anemia et Seette 2, As Ge a 
__ etivad I bus aeits Gaazetebas aso 1 tats pe BIGORRS 
| ¢ ifao bas ehottes = seed xewans Jeu 62 way” 
2282 Ip tetasu 2 46 ~~ OF overt voy ti Le 
atxpdgfom .20 ict anoiteedp omoe : 2 od & 


Z oe; 





2548 


eye et Hapa ingles Clark, Hollingshead, McRoberts 


BURNABY 2, B.C. 


Slusarchuk, Morgenstern, Cooper 
Hardy, Williams 
Cross-Exam by Anthony 
who did not have his own slide show and I may have 
some questions to direct to you in any event. 
CROSS-EXAMINATION BY MR. ANTHONY: 
Q I was wondering if 
we could start perhaps by looking at the Pointed Moun- | 


tain line which we just referred to very briefly to 


see what we can learn from it and I direct this per- 





Haves sto.vou, Dr. Clark, Imitially, “My understanding 





is that that line was constructed almost entirely in 
discontinuous permafrost, is that correct? 
WITNESS CLARE: 


A Sir, J. have: never my— 





self looked at the line, but my understanding is 
that it passed through small patches of permafrost. -- 
which would be discontinuous, yes. 


| Q Right). and) then: 1 Jam 








accurate too, am I not that the line was not a 


chilled line? 


A That 1s .correct, ;yes* 
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Gark,Hollingshead,McRoberts, 
Slusarchuk ,Morgenstern,Cooper 
Hardy ,Williams 
Cross-Exam by Anthony 

Q We have had- . evidence 
over’ the last number of days about the general pro- 
blems that you'll be experiencing and the tests you've 
done for frost bulbs, and what it does and questions, 
for example, of differential heave, which would be 
directed, I anticipate, towards the question of the 
integrity and stability of the pipeline. Is that 
accuLrace’: 

A Yes sir. 

Q Now would I be right | 
and would you agree with me that one of the important 
geotechnical problems is in fact this shift or the | 
interfacing between frozen and unfrozen terrain? 

A We consider it an 
important consideration, yes. 

Q And when you're talking 
in terms of differential heave, this is really where 
it becomes crucial, where some parts heave at different 

there is 
fates than others, and”interaction, is that correct? 

A Yes, as I tried to 
exptain, sit, 1t Ss the rate of “change of curvature | 
tats Of nicer to us, 1. think that *isclears 


Q Now if we may then 


generalize from this concern of the interaction of the | 





interface between the frozen and the unfrozen, or in | 
some cases two different rates of freezing, you would 
then experience the same sort of prob km of inter- 


action when you go through areas, for example, of 


discontinuous permafrost, is that correct? 
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Clark ,Hollingshead,McRoberts 
Slusarchuk ,Morgenstern,Cooper 
Hardy ,Williams 

Cross-Exam by Anthony 


A Yes sir. 

Q So that when you have a 
pipeline going through areas where it goes through 
unfrozen and then through unfrozen, this is the same 
geotechnical problem of the interface. 

A Yes sir. 

Q And in fact when you're 
in areas of continuous permafrost, you still have the 
Same geotechnical problem of this interface because 


of what are known as fens. 


A In the continuous 
permafrost? 

QO wes: 

A There are areas of 


unfrozen ground in the discontinuous permafrost. 

Q Sorry, there are areas 
of unfrozen ground in the continuous -- 

A In the continuous 
permafrost, yes. 

Q And so we have in the 
discontinuous permafrost the situation of basically 
unfrozen terrain with patches of frozen, and in the 
continuous permafrost, a permafrost of frozen terrain 
with patches of unfrozen terrain. 

A Yes, and there is a 
transition from no permafrost to scattered permafrost 
te. widespread permafrost. 


Q- This would be the type 


that you'd experience along the totality of the route.| 


A Yes esir. 
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Clark,Hollingshead,McRoberts, 
Slusarchuk ,Morgenstern,Cooper 
Hardy ,Williams 

Cross-Exam by Anthony 


Q And the interface problem 
of the rapid shift from frozen to unfrozen would be 
characterized, for example, when you go along your 
route and run into a fen, for example. 

A If it was unfrozen, yes. 

Q Now am I accurate in 
describing this problem of patches of ice in discon- 
tinuous permafrost and fens in continuous permafrost 
as rather typical terrain for the proposed route of | 
the pipeline? 

A West | 

Q In fact, these problems 
will be encountered more or less regularly from say 
Arctic Red River south, in any event? 

A Yes sir. 

Q And the question of the 
fens, of course, would be encountered almost along the | 
entirety of the route in the continuous permafrost. | 

A Yes, Dr. Slusarchuk 
pointed out to me quite correctly that in the continu- 


ous permafrost zone we skirt around most 





fens. The unfrozen ground that would be encountered 
in the continuous permafrost would be largely at water) 
bodies. 

Q Well then, you've got 
me here. I understood that in fact you don't know 
the location of fens until you've done some more 
detailed land study, is that not accurate? 


A Ete donegt ‘thinkrethat'!s 
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Clark,Hollingshead,McRoberts, | 
Slusarchuk ,Morgenstern,Cooper | 
Hardy ,Williams . 
Cross-Exam by Anthony 


accubate!,, No. 

Q Well, so I understand 
your evidence, you know the location of all fens 
along your proposed pipeline route? 

A We have the terrain 
analysis, as Dr. Mollard described last week. 

Q Yes, we had that before 
us, but I'm wondering if it's your evidence to us now 
that along the proposed pipeline route you do not | 
intend to cut across any fens. 


A No, I don't believe 


that's a fair statement, I couldn't say that without 
examining and seeing where we do. 

Q So in any event you will 
be -- you anticipate then, since this is a common 
terrain feature, that you will be encountering this 
problem in the permafrost area. 

A I would expect to some 
small scale. 

Q Certainly. Now if I 


May again oversimplify, would I be accurate in saying 


that perhaps the geotechnical policy with respect to 
Pointed Mountain was that they will-go unchilled 
through patches of permafrost, having come to the 
conclusion it's better that they will melt the 


permafrost in those areas where they encounter it. 





A I couldn't speak to 
the policy, sir. 


Q But that will be the 


effect, will it not, of an unchilled pipeline going 
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1 

2 | through permafrost? 

" A It would melt the perma- 

4 frost, yes. | 

5 Q And I would be accurate, 

6 | too, in saying that the geotechnical pollecy, 1: © could 

7 | use that phrase again, with respect to this Line is 

8 in fact the opposite. 

9 A We do have parts of the 
10 | line going through frozen ground where the gas would | 
1 ay not be chilled, after the last point of chilling; | 
12 | less continuous permafrost reaches down into Alberta. | 
13 | QO All right, let's deal 
14 now with the area north of 60, and I understand that 
15 that portion is to be chilled througnout, Ts “chat 
16 | correct? 

14/7 A Yes sir. 

18 Q And in that portion | 
19 Pareicularly areas, for example, of Arctic Red River | 
20 south, you'll be going through what is known as | 
au discontinuous permafrost. | 
Ze A Yes sir. | 
23 Q So you in fact will | 
24 | be having a chilled pipeline going through discon-= | 
2a tinuous permafrost areas. ! 
26 | A That's right. | 
27 Q And in those discontinu- 
28 ous permafrost areas you in fact have determined as 

20 a policy that you would rather go through the unfrozen 


i] 
i 


shel territory with the frozen line than the opposite way 
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Clark,Hollingshead,McRoberts 
STusarchuk ,Morgenstern,Cooper | 
Hardy ,Williams 
Cross-Exam by Anthony 
around. 

A Yes sir. 

Q Now would I be accurate 
in saying also that when all this is said and done on 
this question of the problem of a chilled pipeline, 
that your key geotechnical consideration has been to 
€nsure that there's no permafrost degradation. 

A That has not been the 
key consideration, no. 

Q Well, as I imagine that 


there are problems encountered if you go with an 


undilled pipeline through permafrost, as you outlined, 


and as has been outlined in the last three days in 
evidence there certainly are problems if you go with 
a chilled pipeline through unfrozen territory. 

A Yes sir. 

Q Now by making the 
decision that you would rather have the chilled | 
pipeline run through unfrozen territory, are you not | 
making that decision on the basis that you do not 
want to melt permafrost? Isn't that what it comes 
down to, and the reason for a chilled pipeline? 

A Yes, that's a reason, 
yes sir. 

QO inittacty am Prot 


correct that the test facilities that we heard about, 





that were constructed in Northern Canada were designed 
in fact to study this problem of permafrost degradation 
or the effect of a See eine on permafrost? : 

A That was one of the 


intents, yes. 
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; Q As a’ matter of fact, the 
| original model that you referred to, the computer 
’ models which I believe is the Esso model for purposes 
; of identification, was in fact the model based on a 
6 | Ree o11 Beteaey eiseae for the initial investigation 
| was to understand the problems of permafrost degrada- 
ELON; 
a 
, A Not the original model, 
8 sir. I believe the original model used by this project | 
@ was one developed by Arctic Gas; the Esso model to whigh 
| you refer was licenced for use after the test-sites 
i had been operating for some time. 
rv Q They were designed basi- 
46 | cally to test or to verify or to evaluate your results 
: as it relates to this problem of permafrost. 
ra A iom neotysure thar = 
18 understand it correctly, but I think the answer is 
15 "ves", the way you —- 
7 0 fe vs the: answer 1 | 
sy want, so I*1) stop. Now, perhaps we can then go 
. to the question of the Russian line, if I can put 
23 it that way, the information you have on that and I 
4 have my friend, Mr. Genest's advice that there will bey 
>is a report coming forward and we may hae an opportunity 
oe of examining this in more detail, on the assumption 
“9 we're not being foretold of another amendment to the 
5B proposal, there is no tone abet amendment, is there, 
29 | Mr. Genest? | 
30 MR. GENEST: Not that I am 
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Clark ,Hollingshead ,McRoberts 

Slusarchuk ,Morgenstern,Cooper 

Hardy ,Williams 

Cross-Exam by Anthony 

MR. ANTHONY: Well then 
perhaps I can merely deal with it in a very general 
way then, and again I direct it to either you or Dr. 
Hardy. 

Q Can you tell me whether 
that was in continuous or discontinuous permafrost, the 
part that you know of? 

A Lecanttim sipvehlLAabl 
defer that to one of my colleagues who has been there. 


WITNESS HARDY: Well, the | 





section of pipeline that I saw, sir, around Yakutskt 
was in continuous permafrost. 

Q Continuous? 

A Continuous permafrost, 
but there was quite a thick active layer, and the 
conditions are really not comparable. On their 
lines further north and west, then I'mrt sure what 
thetisituation Wouldwbesak wouldvexpect}athough; that 
they would be in continuous permafrost, from the | 
geographic location. 

Q Well, without getting 
anto too much,detazlionoitgirthe other point. that | 


you mentioned was that part of the line was buried 





below the surface and part was above. Now do you know 
whether that was part of the design, or is that just 


the way it ended up? 


| 


WITNESS CLARK: A- I believe Dr. Morgenstern 


sir, was the one that mentioned that. 
| 
| 


WITNESS MORGENSTERN: I assume} 
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1 it was designed, but I can't give you any guidance 

Z| as to criteria that in fact influenced where it emerged 
3 out of the’ ground. 

4 Q Well, perhaps -- 

3 A Let me add it may have 

6 | been a function of construction capability. I think 

7| they lack some of our heavy equipment and that may 

8 also influence design for the subsequent facility as 

9 it appears. They, I think, our large ditching capa- | 
10 bility doesn't exist in their pipeline practice. | 
27. Q I gather from the | 
12 application and from the evidence that we've heard | 
13 over the last few days that the bulk of your testing | 
14 with respect to permafrost conditions was done at the 
15 San$Sault test facilities, is that correct? 

16 WITNESS CLARK: No sir. 

17 That's not correct. 
18 Q You had also test 
19 facilities at Fort Norman and Prudhoe Bay, is that | 
20 correct? : 
21 A There were test raci it~ 
22 ies at Norman Wells and at Prudhoe Bay, but I assume | 
23 that you mean,the bulk of our testing,that you're 
24 including the entire spectrum. 

25 | | 
26 | | 
ae | 
28 | 
29 | 


30 | 
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1 
Q Now, Sir, I meant 
2 
basically your field testing or your test site 
3 | 
| experimentation. 
4 
A Oh, yes , ‘the SansSault 
5 
Test Site was the largest of the three. 
6 | 
} Q And that of course is 
7 | 
located in permafrost terrain? 
8 . 
A MeSH aUSde + 
{ 
Q And in thelines that we 
10 
saw onthe slides of the SansSault did you have any 
ii 
test lines through a fenarea? 
12 
WITNESS WILLIAMS: 
a3 
A NOt sine the jacterve 
14 
sections we showed on Monday, no. It was in -- all of 
25 | 
the buried sections were in permafrost. 
16 
Q So) Ghism@typical tlervain 
a 
problem that we have discussed earlier of the rapid 
18 
transition from frozen to unfrozen, was not in 
49 
fact tested as such in the test facilites that 
20 
you ioperate? 
2} 
A Thay isMicorrect) with 
22 
respect to SansySault, yes. 
23 
Q Well, did you do ex- 
24 
periments on the rapid transition, for example, 
25 
| putting a line through a‘fen Yan Janyrof the other ttest 
26 | 
facilities? 
2h 
A My recollection is that 
28 ‘ 
the Prudhoe Bay Test facility did run through a 
29 
sia lbtpond, one corner of the Circuit at Prudhoe Bay 
30 
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- ran through a water area -- 
6 Q But that is really not the 
: same problem that we have been discussing, is it? 
: A iaebink|vou, are correct. 
- Q Thank you. 
° Now, I understand that at 
least if the map is still accurate, the route is 
| going along the east side of the Mackenzie, but 
2 your SangSault Test facility is on the west side | 
1 ‘ 
- of the Mackenze and I understand in your evidence the 
= reason for this was that this was representative 
2, 
Be terrain, is that accurate? In why you located where 
= Vou, did? 
14 
A We loceted 1t there == 
aaa I think I pointed out first for several reasons -- 
aaa but, yes, one of them was that it is representative 
| 
- of the terrain in the Mackenzie Valley. 
=e WITNESS HARDY: 
Lg 
A It represented severe 
20 eee 
conditions too. | 
a1 
Q SObLry, pardon me, 
ee Dr. Hardy? | 
23 
A te represented severe 
5 i 
a conditions at Sans Sault Rapids. | 
25 | | 
Q Well, we dealt with the | 
26 | | 
| question of fens, but am i not accurate, Mr. | 
2a ; ae ) 
Williams, that in fact the SansSault Test Facility 
28 ; 
is what is known in geomorphic terms as a river 
29 | 
Sere Ace? | 
30 | 
are WITNESS WILLIAMS: 
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A YES, U thin atnac Dr. 
Mollard classifies it as "HT", High Terrace, 
Q PHT! “Gortnrver terrace ,1f 


I may use that phraseology, of course would be the 
underlying control landform. Now, my understanding 
Offthal, this affects “things *"riké*drainage patterns, 
depth of the active layer, vegetation that will 
grow on it and so on. Now, could you tell me 

what percentage of thdpipeline route is on river 
temace? 

A No I do Not ave. chat 
number. 

Q Can anyone help you? 

WITNESS CLARK: 

A ido not believe that 
anyone could help you with that, sir. But that is age 
thing that could be picked off from the alignment 
sheets. 

Q Well, I am wondering 
if my friend would undertake to provide you with that | 
information -- 

MR. GENEST: Am I so 
directed by ‘the Commissioner? 

DHE COMMISSIONER: Yes, 1 


think we should know that. 





MR. ANTHONY: 


Q But you would agree 
“until the accurate figure is known -- would you not | 
ie 


agree with me that in fact/is representative of a 





very small percentage of the Mackenzie Valley terrain? 
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1 
WITNESS WILLIAMS: 
2 
A I would agree that probab- 
3 
| ly the amount of route in "HT" is very low, but I would 
4 , ‘ 
not agree that the soil and ice and permafrost con- 
5 sae : 
ditions at SansSault are not representative of the 
6 | , ; 
| terrain along the Mackenzie Valley. 
7 | 
Q But does not the fact 
8 | 
that it is on a river terrace affect all of these 
9 | 
| elements? 
10 | | | 
A Peat Otel oeCels | 
Ee 
to me that it is also true that the bench on the 
12 | 
east side of the river between the Mackenzie and the 
1S 
Franklin Mountains could in general be described 
14 : 
aS a river terrace. 
15 | | 
Q Welll, I> will leave that | 
16 | i] 
| argument to a later date, perhaps when we have this 
i 
information as to what percentage of the route is in 
18 
fact river terrace. 
ag 
MR. SCOTT: Mr. Commissioner, 


20 we 


our people have done an analysis and/will be calling 











= evidence, if it helps my friend,of that which 
a reveals that substantially less than 1% is of the 
* terrain typing that Dr. Mollard has idenrified is 
a found at SansSault. 
i MR. GENEST: I did not | 
“ad hear that, Mr. Scott. | 
oc MR. SCOTT: Substantially | 
i less than 1%. 
29 

THE COMMISSIONER: Substan- | 
a tially less than 1% of the route of the pipeline is | 
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Hardy, Williams 
Cross-Exam by Anthony 
classifiable as river terrace or high terrace? 
MRee SCOlIs “ts classi fiaplte 
as the SansSault location has been classified. 
The Sans Sault locaiton in terms of Dr. Mollard's 
terrain typing,represents substantially less than 
1% of the terrain of the proposed pipeline. Now, 
that is our figure and we will have to prove it, 
io De jes 
THE COMMISSIONER: Well, 
you 
thank you for -- / would be even more interested in 
getting that information now, Mr. Genest than you 
were. 
MR. ANTHONY: While we are on the 
question then of test facilities, perhaps I could 
go to Dr. Slusarchuk. 
Q Could you tell ime 
when the Calgary Test Facility was established? 
WITNESS SLUSARCHUK: 
A It started operating 
March 20, 1974, sir. 
Q March’ 20, 1974. 
A That 1s correct, sir. 
Q And from your evidence 
I gather that the question of frost heave was per- 
haps the prime reason for the establishment of the 
Calgary test facility? 
A Yes, sir. 
Q And could you tell me 
where you studied the problems of frost heave before 


the operations at the Calgary Test Facilites got into 
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full swing? 


A My..self., .personally, 


Sinypsor,the project: 


Q Welk, .we«wiLld start with 


you and then generalize Lo. 


A Well, I did some work on 
both my Masters and my PhD work on Frost heave and I 
was associated with work at National REsearch Counci) 
-- that was involved with frost heaving. 

Q I am sorry, I was FOP Ee 
with test facilities, actual field testing, ort | 
frost heave -- I mean did you operate -- was their | 
field testing of frost heave at the Sans Sault Facility 
for example? 

WITNESS HARDY: 

A T think, perhaps, I 
could answer that better than anybody else;having the longest 
period of association and assocaation in, the early 
days. From my first association with the pipelines | 
up in the Mackenzie Valley, I always realized that | 
there was a problem of frost heave and we, in the | 
first instance of location, it was not a governing 
problem, but far ahead, more than a year prior to 


the establishment of the test facility in Calgary, 


we had @iscussed- that there needed to ~be some 


experimental work done for the whole problem of frost 
heaving and the question of differential heaving 
under the situations that you have been describing here 


this morning, it needed some study, see, and so ne 


| 
was not just an afterthought, it was always understood 
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: that it had to be given special attention, but it was 
: not necessarily a governing factor in the original 

: L6cHELON.VSEECIS"a detail problem that you have 

: to be able to handle and it could be that after you 

: have selected a prime route,you would make some 

"| minor changes in the light of differential frost 

" heaving concepts, but it was a thing that came on 

; in the program and I personally had an assignment 

. from NO. Sipjusteat about the*time of the merger 

‘id of the two groups,to do a basic study,as a sort of 

. a state of the art study,as to where we sttod at 
- that time with the problem of frost heaving and out 
of that grew the test program, after a lot of 

2 other people had picked this up and studied it and 
‘a there had been rather exhaustive discussions and 
ia finally it was put to the clients with an estimate 
io of cost and finally the program was sanctioned and it 
i went ahead, Hat Aidt wasnot an afterthought in any 
a sense of the word, sir. 
a OQ if imayscateh Von to 
i one sentence out of that, would I be accurate though 
- in saying that the problems of frost heave,as they 
- were understood,were not considered such a crucial 
A 
>i nature that they had to be resolved or studied by 
a field study before the actual route was selected -- 
a 
i A In my judgment they 
a were not in that category. There are other consider- 
2) 
‘ ations or that they could be considered as a special, 
5 
a very important problem and that is the way that 
they were dealt with. Certainly in the early stages, 
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that was my own judgment. 


Q Now, if -- I come back 
to Dr. Slusarchuk, then -- this was set up in March 
of 1974 -- I gather from the fact that we received 


a report rather recently that your results are only 
starting to come out of that test facility? 

WITNESS SLUSARCHUK: 

A I mentioned, sir, 
that the field test facility started On March the 
20th 1974. The program was actually initiated almost | 


a year previous to that and it took us that length of 





time to get it into gear. 


Q I was again referring 
to the questimof the actual field testing of 
these problems that were identified in a general way 


through experience. 


A That is right, we have 
been obtaining information from the field test site 
of course ever since we've started and that has 


been goamgeon in conjuction with our laboratory | 





studies,of our four-inch diameter tests and the 
model box and along with our engineering studies. | 
Now, we have not gotten around to putting out a 
final report until just very recently, or an interim | 


report on the results, that is correct, but we have 





had tlese results all along and we have been dealing 


with them on a daily basis of course. 


| 


Q Now, I gather that your | 


point behind the -- your sand box study -- or is it | 
model box -- was that the question of water in | 
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re 


deciding on frost heave, or the amount of water that 
is available is a prime parameter in determining 


the extent of frost heave and frost bulb formation. 





i) 
oa) 
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A Water is certainly a 
| necessary ingredient for frost-heaving, that is | 
COLrLece. | 

Q Now would you tell me 
the level of the water table at your Calgary test 

| Taciwility? 

A Somewheres around six | 
feet beneath the ground surface. It varies with the | 
season, but six to seven feet, or something like that, | 
as 1 recall it. | 

| Q Could you tell me what | 
the water table is along most of the prime route that 
you've selected for the Mackenzie Valley Pipeline? 

A Could Tf tell you that? 

Q Do you know that? 

A It varies throughout the 








year, Of course, and in some areas water that's | 





ponded is at the surface, quite clearly. Other areas, 
on some slopes it's at some lower depth. 


Q Well, perhaps just to 





get at the point then, could you indicate what per- 


centage,in general terms, of the prime route or the 


Six or seven feet or less? 





alternate route, in fact, where the water table is 


A The water table is 
six or seven feet beneath the ground surface, or less?) 
Do you mean higher up towards the ground surface? 


Q No, as I - - well, 





iaLL put it this way, the. question of frost bulb 
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depends on the amount of water. Now your water table 

in Calgary was, yau say, six foot, and down. I'm Saying 

now could you tell me which percentage or what 

portion of the route is the water at six foot or lower? 

Similar to the Calgary test facility. | 
A NOsStree i Cantte tell 

you that percentage. I'd like to say, though, that 

the availability of the water table is an important 

consideration when you start to have the depth of the : 

water table being beneath the bottom of the pipe. The | 

water Uh aiene in the water table above the bottom of 

the pipe around the upper portions of the frost bulb | 

is not necessarily contributing that much to promoting 


the rate of heave,It does change the effect! ofvtstress; 


of course. 


Q Well -- 

A entithe:soilepartickes | 
themselves. | 

Q -- without getting too 


technical, I wonder if my friend would similarly give | 
us an indication -- I don't know whether my friend 
Mr. Scott has calculated this figure -- but what 
percentage of the route has a water table at the same 
léveleen.e./68feet),:as the Calgary testofacilities? 


A I suggest it would be 





along -- I just can't give you that number just now, 
sir, I just don't know. 

MR. ANTHONY: Perhaps my 
friend would undertake to similarly provide that 


information. 































4 ‘a & a 
aided xsdew soy wor Sikes druroms sit no 


pniyse m'L .awob Bas , 7008 xis ,yse voy .35W eapcley 
“ haw a | 
tedw 20 spedneoted dotdw em Effet vey plee wom 
tyawet 10 deo) elie 26 t5aew od Bh Soom eds To noksi0eg 
ytiftos? seed yispied add oF zelimte 


ilod 2'deo lL . tse OF A . ih 1 
jor? .dptfods yest Ot aL BYl «spssasozeg 3sd2 woy | 
+eaotogst mm ail olde¢ 2e96w eft Bo ystildsitsva an? 
aft jo Wiqes ads oved oF Stade soy aedw notiatebieno5 
ail .sgig 34 Yo mottod oft aanened pnied oide2 tesey 
o mogfoed str eveda eldat tetsw ed? ni . oe tosaw 
diud 42092 off Io enqlaxeqg szoage afd Bavozs .eqig ong 
iyomorg of gout toned paitedintnos yliteeseoen Jon at 
.tee1c4 ko 290225 oft opnato esoh 31 sysed to sisi oft 


.9ames to 


. sovleeneds 
oo3 vonmrgeeap Jos iw == a”, 
aviv yitalinie bivow Baelti yr 22 pegnow 2 lsoindoss 
oaokaY ym todtedw worl 2'nom I -- moissotbat ms) ey 
sew gud <= augpit elds bedslootas ass $3098 »aiM 
onee ara t6 ealdat see # asd etvor ong 0 spssnso7eq. 7 bx 
Saotsifine? dae yrepisd of3 es . tant 2 29-4 vfovet 2 
od Divow +i jeeppie ft & 
,won teut sechurn cede voy evip ones taps b Fierind 


wea 3‘ 0B $1 


ea? 


yi! eqgsifted sYWOUTHA ,AM 


——_ © == 


ALLWEST REPORTING L.-TD. 
BURNABY 2, B.C. 





























2500 


Clark,Hollingshead,McRoberts | 
Slusarchuk ,Morgenstern ,Cooper 
Hardy ,Williams 

Cross-Exam by Anthony 


MR. GENEST: I'd like to know 
about whether again this is something that can physic- 
ally be done. Can the panel help me on that? 

WITNESS CLARK: That would 
require extensive drilling operations for that 
period of time that you did that, sir. Water table 
is a dynamic thing. 

WITNESS SLUSARCHUK: I'd 
like to make this point, Mr. Anthony; isqtphat,the 
position of the water table, we realize along the 


right of the way that when we bury the pipe the 





water table is probably going to be at least at that 
level ,latid’therefore isknotogoing toy-ruwhether,itis 
higher than that doesn't necessarily help out or 
restrict the availability to freezing fronts beneath 
the frost -- beneath the bulb. 

MR. ANTHONY: Q Well, even 
as I understood C over V over the last while, that if 
in fact you're burying, putting the pipe through 
terrain that is in fact below the water table, you 
have different parameters, different factors acting 
on stability and other questions than if you bury it 
above the water table. Now, is that not correct? 

WITNESS SLUSARCHUK: A Sir, we determine the 


rate of heat characteristics of a sample along the 





route, and our governing parameter there, as I pre- 
sented in my slide show the other day, was the 

load on the frost front, and that changes with the 
position of thewater table. The example that I | 


gave you, to demonstrate the amount of frost heave 
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was with the water table at the ground surface. In 
other words, the worst condition. 

Q That was infyour model 
box test. 

A NG Sir> taat was the 


final example that I gave you at the end of the study 


Zos OF 


to show you how we predicted, how we would predict the 


rate of haave along the pipeline route. 


Q Wellin really 


want to get into a technical argument, because I don't 


have that information handy. I may eventually want 


to get into that argument with you but for the time 


being I merely would like to know how much of the route 


has the same water table characteristics as the 


characteristics you used in your Calgary test facility? 


Now you say you don't have that and I just merely 


asked if that information can be available? 


WITNESS HARDY: Mr. Anthony, 


I think when you use the term "the same characteristics 


then it's a different ball park altogether, and we have 


the same characteristics in the test site at Calgary 
as on hundreds of miles on the pipeline. I'm afraid 
there's a misunderstanding, you see, in the concept 
you're presenting to us here, that the crucial thing 
in the design of this test section was, "Where is the 
water table?" 

Now we know that the water 
table has -- is an important parameter and the test 
section was designed and location selected not to 


be representative of Specific conditions on a mile 
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2 per mile basis along the pipeline, but as being 

3 | representative of general conditions that are condusive 
4 to frost heave, and he had a water table within 

5 the height of capillary rise of the frost line and 

6 | we had a water table above the frost line, and those 

3 | conditions are the essential things that he had to be 

8 sure he had as matching the conditions that are 

9 condusive to frost-heaving on the pipeline. | 
10 Q Well, Dine Handy, I | 
ll agree with you that there are a lot of considerations. | 
12 I am merely trying to isolate one simple condi- | 
43 tion because I'm trying to maintain this on a simple 
14 basis, and perhaps I'm over-simplifying, but it seems 
$5 to me that if you have a test facility with a water 
1; table at a certain level, and that level does not | 
17 repeat itself anywhere else along the route, it tells 
18 you something about the sort of generalizations you | 
19 can make. Now -- 
20 URIS S| Bowes snare 
ay Pemight- interject, Dr. Slusarchuk went to great pains 
22 to demonstrate that water was freely available to the 
Sey i. freezing front, and that represents the worst condition 
24 gna such a facility could’) get ‘at ee could represent. | 
25 tne tact, in the scelectionsot that facility. this was | 
26 a prime consideration to ensure that water was | 
Padi freely available to the freezing front. | 
28 Q. Do I understand it then, 
29 what you're saying is that it doesn't really matter 


30 if the water table was lower there than you would 
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1 
: experience in the Mackenzie? 
: A It doesn't matter in the 
f sense of establishing the design methodology to combat 
: or to analyze for frost heave, yes. 
: ea AMET TN thaybe that will 
_| be taken up, too. 
: Mr. Commissioner, I'm going 
' to move onto another line. Would it be convenent to 
o my friends to break now or would you like me to con- | 
tinue? | 
ll | 
es THE COMMISSIONER: What would | 
“ie VOU say, Mire SCOLLS. 
ies MR. SCOTT: We're early, Mr. 
‘c Commissioner, but I have no feelings about it one | 
ie way or the other. : 
e THE COMMISSIONER: Well, do 
a you mind carrying on, say to 10:30, Mr. Anthony? 
19 MR UANTHONY: — OUO.K. , Lec | 
- us discuss then the question of a frost bulb, and | 
Pe agai. ‘me going: to try. to. simply, but if 05m SE 
Af ing so it's inaccurate, I'm sure you will catch me | 
e up One Lt. Now what we're talkingabout here when 
ay we're talking about the frost bulb wiesin fact the 
25 | frozen area around the pipe. 
bea eee 8 RYO REHER ss correct. 
37 Q Would you tell me what | 
a6 are the ideal conditions for the creation of a frost | 
29 bulb? If I gave you the job of creating the biggest | 
30 and best frost bulb you could, what sort of conditions| 
| 
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2| with respect to water, soil, etc. would you require? 

a A fidaske for ‘a very cold 

4 pipe and a rock without any water in it. 

5 Q pOErry ? 

6 | A i“d ask for a very cold 

7 || pipe and a soil that would have no water in it, such 

8 as rock, and that would give me my largest frost bulb, 

. or the largest position of the 32 degree isotherm | 
10 around the bulb -- around the pipe, excuse me. | 
Pl Q How would you classify | 
12 Whats weicall “silty soil? Is it good. for frost bulb | 
13 building, or poor? 
14 A for <frost—bulb: building, 
BS Mitarrata Sir, Ou, simpli tied Vt iso that. 1*m not 
16 | Sure what you're driving at. 
ig Q Wells juste. taking, = 
18 imagine the different soil conditions effect the 
19 extent of fros: bulbs, is that accurate? | 
20 A Well, a silty soil is 
a7 known to be a soil that is frost-susceptible, and 
fe) it is also known that smaller -- small amounts of | 
23 overburden pressure dramatically or significantly BSN 
24 the amount of frost heave. Now if absolutely no ee 
25 | was drawn into the frost bulb, for example we'll | 
26 | assume one temperature of the pipe, we would be pre- | 
| dicting like what would be the most rapid growth of 
28 frost bulb that you could have. If in fact some water 
29 Starts etO Tlgratesintoeune ~rost bulb, silty soil | 





| 
30 that's freezing,you would have to account for all ue 
| 
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latent heat that was brought in there, the water would 
come in and upon freezing, 144 B.T.U.s per pound and 
soon, you have to account for “that tand that “would 
naturally slow down the rate of movement of the frost 
Frone. 

Owe buteamten rront I saying, 
just again as a general statement, that in fact the 
Silty soil is a frost-susceptible soil? 

A AtSUley Sore sta frost | 
susceptible soil, it's traditionally known to be so, | 
but it also has the very good characteristics from our | 
point of view that it has a low shut-off pressure. 

Q Ov he, G2 miereadly Crying 
to find out the conditions than the remedial measures 
that can overcome that. 

WITNESS HARDY: The 
misunderstanding here is between definition of frost- | 
susceptible soil and size of frost bulb. Your Pie tie 
were first directed at the size of the frost bulb, and 
that is the question Dr. Slusarchuk is trying to answer. 
When you bring in the phrase "Susceptibility to frost | 
action", that's got nothing whatever to doveimar ind 
with the size of the frost bulb. When you say a silt : 


is highly susceptible to frost action, what is being 





said is that if you create conditions that are condusive 


to high segregation you will get more ice segregation, | 
all other things being equal, with the silt than you | 
will with some other types of soil. But thet: s: got 
mtthing whatever to do with the size of the frost 


bulb, the location of the 32 degree isotherm. 
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Clark ,Hollingshead,McRoberts 
Slusarchuk ,Morgenstern,Cooper 
Hardy ,Williams 

Cross-Exam by Anthony 


WITNESS MORGENSTERN: I think 


if I could also take up the question of what has been 
regarded as frost susceptible soils, the procedure in 
the past has been to classify these things on the 
basis of grain size, and your suggestion that silt or 
Dr. Slusarchuk's comment about silt is considered a 
frost-susceptible soil isn't observation on that basis, 


but the traditional. classification ignored the effect 


of increasing load on the behaviour of soil, and it | 
is the contribution here that Dr. Slusarchuk presented | 
the other day that says in order to evaluate frost- | 
susceptibility of the soil, we must also inspect its 
response to increased load on it. 

Q Yes, well I appreciated | 
that and I in fact tried to isolate merely the soil 


condition, agqgnoring the) fact that. if yau surcharge: it, | 


some soils react better to surcharge, have a lower | 


shut-off pressure than others. 
A Yes, but the evaluation 


of frost-susceptibility should embrace that behaviour 
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Clark ,Hollingshead,McRoberts 
Slusarchuk,Morgenstern,Cooper | 
Hardy ,Williams 

Cross-Exam by Anthony 


Q Well, that's perhaps 
then the applied part of it, in other words when 
you're considering,if you use the model box,you could 
prepably plot certain solls that are more. frost- 
Susceptible, or indicated to be more frost-susceptible 
than others, ignoring the whole question of surcharging 
which is really a measure to be applied with. 


WITNESS MORGENSTERN: 


The traditional tests to evaluate frost susceptibility | 
| 


do not involve a surcharge. They're modelling the | 
condition of a roadway in which the pressures on the | 
S0ulsanre Very cMlall; in that sense they lave: been 
misleading or they have been exaggerating the potential 
of certain soils for frost-susceptible behaviour. 

Q Can you give me an 
indication, though -- am I accurate, Dr. Slusarchuk, 
in just in a general sense, that a frost bulb under 


appropriate conditions would in fact expand over 


time, is that what I understood from some of your 


graphs? 
WITNESS SLUSARCHUK: Yes sir. | 
Q Now do you recall from | 
your -- I apologize ~ FOR NOT asking you when you first set | 
Olt betore and a meant to talk to you, earlier <= conde 


you tell me the radius or the area the frost bulb 
created at your Calgary test facilities after the first 
five years? 

A Now after the first 


five years? | 
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Clark,Hollingshead,McRoberts 
Slusarchuk ,Morgenstern,Cooper 
Hardy ,Williams 

Cross-Exam by Anthony 


Q Yes, I mean this is 
plotted, of course, I recognize. 

A We have not carried out 
that calculation. We have one slide, I think, that 
showed that after ten years the frost -- I think this 
was an example, that after ten years it would be 
something like 20-25 feet beneath the bottom of the 
pipe. 

Q Would I be right that 
if you use the same test you did before, that after 
20 years, using the same parameter that you applied 
on this first example, it would be somewhat larger? 

A Tydon't: -Eoal:Low) that, 
siz . 

Q Well, you've guestimated 
or you did a design test and you determined that after 
about ten years under those conditions you'd have a 
frost bulb of approximately 20 ¢¢o0. 25, feet. 

A Mes. Sasn. 

Q I'm saying would you 
carry it on and tell me what size it would be after 
20 years? 

| A tT «can bring that) slide 
back on for you, sir. I think you could see from 
there. I just can't remember those numbers, in the 
order of 25-30 feet, I guess. We've got -- I think ie 
have some examples in the responses to the Bipeline | 
Application Assessment oe onssize of. frost bulbs,I 


discuss that matter there; but 20 years, I just 

















#20) Eis 80 see 
pit keiths f abil ane oe 


ont dipis Sd T Btoows “OF 


4 
rodic tam... axbted Bab uoy iuauiae ‘pan woy TE 
beifags veg, tai 497 omst6g ‘omae add poisu \axsey 0S 
chisl tacwimor sd blvow ra .9fqmexe sexit aids a0 


ant? wohfat J’ aob tT A 


setomitesum sv"uoy , iol 9 
st's ded bonierret+eb voy ban Jaed opieeb 6 Bib voy tO. 7/7 
eved B'voy enoisrbaos exedt sebatr exs0ey | e+ rou 


See2 2S 04 0S yiedamixoxaqe to id Sues 


tte asl A it tee: 

soy Blinw pobyse at '¢] , Ls as 
19ot1s od Bluew 3f asia daadw om (fo) Das mo Prat 
| ‘Satsey OS 

sbfie. sandy enka aso I A 

movi see Blues voy Anidt 1 .1ke .woy 208 a 
eis ak yatednwa aeolt xedmemsx +'n60 sevt I 2 
ow anids I += gop ov'eW .aeene I ,jee? Mee i= . 
oniisqi® edd of ssenoqes: ds calk meee 
I, edtuct 7 ic ani2 so quow snomeaseek a 


tert L ymuaay OS .dud ieteds tedden 4 


2518 
ALLWEST REPORTING L-TD. 
EEE ees Pace Clark ,Hollingshead,McRoberts 
Slusarchuk ,Morgenstern,Cooper 
Hardy ,Williams 
Cross-Exam by Anthony 

















I can't give you a specific number. I can put that slide 
> | backyon for you, 2t that*s what you"d like to see. 

* MR. ANTHONY: Mr. Commissioner, 
4 does that help you at all? The point I was really 

5 trying to get at was an indication of the growth of a 

6 | frost bulb, and we had an example after ten, and it 

|| is in various reports, there are other lines sort of 

3 | Zipping out, and I was -- “rather than getting into 

9 a detailed assessment of whather it's going to be 

10 two feet or three feet, I just wanted to deal in 

ll lumps of time to indicate in a general sense how the. 
a frost bulb will react over time rather than isolating | 
13 | just one year and stopping there. 
a THE COMMISSIONER: Well, it's 
15 ipetoryou, You ve just. Sala, in ten years, 20 feet. 

16 | A Yes sir, ten years, 

17 | something like 20 feet; 20 years something like maybe 
13 25-30 feet. It grows at an ever-decreasing rate. 
19 Q But it keeps growing? | 
20 A Ves Sit, ut mebcare ices ty 
21 something like 100 -or 150 years; but after 20° or 25 | 
32 years it's growing at a very slow rate. | 
aa MR. ANTHONY: Q Now I under- _ 
>4 stand that one of the remedial measures -- I don't 
25 Have’ the Citation fight here == but one of the remedial 
* measures for dealing with the problem of frost bulb | 
27 is replacing frost-susceptible soils with less frost- 
2g susceptible soils, is thet correct? 

39 A That is one method, sir, 
30 yes. 
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Q On page 6 of your canned 
Z testimony 
before us here, one of the tests -- now if 
| -- perhaps you could just help explain and to me if 
: you're ending up with a frost bulb which goes supposedly 
7 from zero to 20 feet in ten years, and you're going | 
| through a non-permafrost soil, how do you decide how 
i much to excavate so that you don't encounter a frost 
i bulb in that area? 
! A This is not a proposed 
a technique that we use generally in that particular | 
= situation; where we would be replacing frost-suscept- | 
2 ible soil with non-frost-susceptible soil would be | 
“a in the areas -- in rather limited areas, I might add -- 
ah say where the pipe comes out of the ground at around 
oe compressor stations and that. Perhaps at locations 
a around river crossings and things like that, but not 
along the general overland problem of a freezing 
18 


Pipe going through unfrozen ground. 


12 Q | 
Dealing with this example and | 





20 even in the situation, this limited situation, that 

oe you would use it on river banks, for example, would | 

4 I be. accurate in saying that if you did that, rep}jace | 

- the soil and so on, that you would affect the drain- 

“ age patterns and so on, would that be a result of 

a4 changing the soils? 

oo A Well, if you change the | 

soil you change the permeability, clearly, you alter 

i the drainage patterns. Whether VOuU.dKain 2t osigniti-— 

7 cantly or not is another question; it depends on 
an the specific conditions at that site. | 
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Slusarchuk ,Morgenstern,Cooper 
Hardy ,Williams 
Cross-~Exam by Anthony 
Q Have you also considered 
the question of, as I understand it, chemical grouting, 
in other words the injection of chemicals? 

A That was an idea we 
tossed around once upon a time, yes sir. 

Q Has it been abandoned? 

A Not completely abandoned, 
sir. It's an extremely specialized technique that 
we have available in our arsenalof remedial ener eee 
but it's certainly very low on our priority list. 

WITNESS HARDY: Mr. Chairman, 
I am rather sympathetic to that question, as I spent 
several years in my spare time doing research on the 
prevention of frost heaving by chemical grouting, and 
I'm sorry to hear my colleague say here that he doesn't 
think it was very useful. I thought it was very use- 
ful, but the dead end we came up against was the 
problem of getting it into the soil, and we made a 
number of pilot plant installations on the railroad, 
on highways, at curling rinks, and the problem we 
ran into and as far as I know what everybody else 
has run into is to get the chemical into the soil. | 


There are lots of chemicals besides lignosol, the 


one that I was playing around with, that will stop. 





for all practical purposes,the flow of water to a 
frost line and therefore prevent the segregation of 
ice; but I never had the courage to toss into the 
discussions with my colleagues here that that was 


a viable solution to the problem of frost heaving on | 
| 
| 
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Cross-Exam by Anthony 


the pipeline 

Q Could you indicate what 
chemicals you’re talking about? 

A Well, there's a whole | 
series of them, but the one that we were using is cal-| 
led lignosol, which is -- 

| Q Would vou spell that for: 
the reporter? 

A oS =O = 2 =O 5, 
Lignosol is actually a trade name, it's produced by 
a subsidiary of one of the paper companies in Eastern | 
Canada, but basically it's a wasteproduct from the 
sulphide paper manufacturing operation, and so there | 
are vast quantities of this available on the market | 
which a lot of people object to, and quite rightly SO, 
to having this put-into the rivers and going from 
there into the lakes, and so there's been a tremend- 
ous amount of research done in attempting to use fieeal 
waste products, you see. Well, I was interested in 
studying frost heaving at that time. This goes away 


back to the early "50"s, you see, and there was -= 





we selected that one because it was a waste product, 


There area whole series of chemicals that will | 


do the same thing and there's been extensive work done, 


I didn't do all the work by any means, there are 





Many Organizations, many universities worked on the 
same problem and of course you can carry on the 
chemistry beyond the simple injection, you can inject 
some other chemicals and create a solid jell, but 


| 
you still hae the problem of getting the chemicals into 
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these silty type soils that you want to treat. That's 
why I'm still of the opinion that it's not a viable 
Solution for the pipeline operation, or the pipeline 
Construction. 

Q Perhaps then you can | 
allow me to follow it just briefly along. I do this 
only in the event that your colleagues come around to 
your proper thinking and to your view, and wish to 
consider this again. Could you indicate something of 
the chemical properities of this chemical, what does 
it do around a pipe, and also what does it do when it 
gets into the water? 

A Well, this is what we 
were never able to find out precisely, and it gets 
a little bit out of my field of expertise, but don't 
think I didn't try. I consulted all my physical-chemi-| 
cal friends where I could get some free advice, and 
as a matter of fact I even paid for some advice at 
one stage, and I was never able to get an answer tht 
would be understandable in the sense that we are 
attempting to make things understandable here. 

Q If you don't under- 
Stanaewt . . «donet. 

A But it's associated with 


this surface tension characteristics, of the chemicals, 





and the effect on the surface tension of water. Beyond! 
that I wouldn't want to introduce -- 
O-= ier 2) can. juse Sort 1of 


put a clamp on it so that I understand one of the 


oa 


a 


problems besides whether it works in certain soils and | 


t 
| 
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so on, it's very toxic, is that correct? 


A OF net Lignosol, no. 


No, you can drink that, but if we start tofnake it 


into a jell. 





Q And live? | 
A If you’ start ‘to make it | 


into a jell then you add chromate salts and they're a 


co 


| bit toxic and there's one occasion where a cow was 
killed, we think, from that way. 


MR. ANTHONY: Now would be 





a convenient time to break if you like, Mr. Commisszoner. 
THE COMMISSIONER: We'll adjoumn 
for a few minutes. 


(PROCEEDINGS ADJOURNED FOR FEW MINUTES) 
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Slusarchuk, Morgenstern, Cooper 

Hardy, Williams 

Cross-Exam by Anthony 
(PROCEEDINGS RESUMED PURSANT TO ADJOUNMENT ) 

MR. ANTHONY: 

Q Mr. Commissioner, per- 
haps we could carry on and I would like to -- we have 
been discussing the question of frost bulb, frost 
heave and I would like to now look at the question 
of frost heave in particular and I would like to look 
at it in the non-permafrost terrain which is of course | 
the situation that existed at the Calgary Test Fa- | 
cility and I gathered from the discussions this morning 
that we recognize the general problem of differential | 


heave and the stress that it causes and that different | 


soils heave at different rates, DULLINg Stress (On 


-the pipe and I gather from your evidence read as 


part of the prepared text on page 6, you gave four 
preventative measures and I will just read those. 

The first one is sur-charging of the ground surface. 
The second was replacing frost susceptible soil with 
non-frost susceptible soil, the third was restricting 
water from migration,and four was reducing the heat | 


flux away from the frost front. 


Now, we dealt briefly with 





the question of frost susceptible soil and its 
evacuation around the frost bulb and I guess we | 
touched on the third, the restricting water when we | 
touch on something like chemical grouting. | 
I would like to really 
concentrate on the question of surcharging which I 
gather from your evidence is in fact the technique 


that will be employed throughout the vast majority of , 
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the route, is that’ correct? 

WITNESS SLUSARCHUK: 

A Surcharging will be 
burial, sir? 

Q Well, perhaps I will 
break that down then because I would like to explore 
that. As I understand surcharging is that in certain 
circumstances the pipe would float, but that by surface 
charging or loading, you keep it in the ground and 
that this is accomplished by two methods: one is 
deeper burial and the other one is the berm or the 
surface surcharging. Is that accurate? 

A Weld, wi fy you. ares talk. 
ing about a floating pipe, then certainly if you bury 
it deeper or if you put something over top © teeeiat: 
it will tend to stop it from floating, that is right. 

Q Now,. Let's look at this 
question of deeper burial and I would imagine that in 
practical purposes there is some lamit to the depth 
you can go. I would imagine that in some circumstan- 
ces that may be dictated by the sub-surface, would 
that be accurate? 

A Well, it --. by the 
sub-surface do you mean something like bedrock, Sir? 

Q Yes. 

A Well, we would be de- 
lighted to bury it in bedrock from a frost heave 
point of view of course. I°mean, if we ran down to 
bedrock, ay would not want to go any deeper than that 


because it would not frost heave. 
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Q But that is not in 
fact a practical solution to the problem, is it? 

A Well, we have no control 
where the bedrock is, sir. 

Q Well, I understand | 
from what Mr. Williams said one of the problems is | 
that the ditcher, I assume, has some limit on the 
depth it can go to -- what depths does your 
ditcher go to? 


A Perhaps Mr. Williams 


can tell you that again, sir. | 


MR. WILLIAMS: 





A These large ditch machines 
that have been developed have a capability of about 
ten and a half feet, but there are other excavation 


equipment that can go down deeper than that. 


Q Could you tell uswhat 
do you have to do if you want to go deeper than 


the ditcher goes? 


A The standard practice in| 


pipeline constructinn would be to use a back hoe. 


Q Lee's look-at the | 
question though of the what I have called surcharging | 


by the berm or the question of load method. As 





I understand the evidence that was led over the last 
couple of days,what in fact you do is jou create a : 
berm or a mound over the pipe by piling up granular | 
material of some sort, is that correct? 

WITNESS SLUSARCHUK: 


A It does not necessarily 
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need to be granular material, sir, or select meterial. 
All it has to be is something that has weight. 

Q And in most circumstances 
would this be the back fill that is excavated from the 
trench? 

A That would be part of it. 

Q And what -- I imagine 
certain materials are hetter for this function than 
others. What are the characteristics that make it 
desirable to use certain materials for this purpogee? 

A That ‘they “are™heavy-~ 
You know, all we are looking for is weight and the cther 
criterion is that when we place it there that it does 
not erode, for example or that you can reseed it. 

Q So},s for exanple,! 2f you 
had a situation ‘here you were going through ice 
rich permafrost and this was excavated, I imagine 


that in the summer that would form a slurry and float 


this purpose. 





A I do not think it would 
float away, sir. 

WITNESS CLARK: 

A When you are talking 
about frost heave,-sir, and to interject,the point is. 
that if are going through permafrost, we would not 
have the frost heave problem to deal with there. 
It is in the unfrozen .ground where we are talking 
about frost heave. 


Q I was diverted into the | 
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1 questimof permafrost on that, perhaps I should not 

2 | have raised it. I will deal with perhaps the perma- 

3 frost. situation: a little later, but imvany event, the 

4 purpose of whatever material you put on there is to give 
5 weight or load above the pipe. 

6 | WITNESS SLUSARCHUK: 

7, A Yes ,/isirj® load- on’ to 

8 | wher Lrostptront. | 
9 Q Now, you gave us a | 
10 description yesterday of what you call the shut off | 
at | pressure which I understand as being the amount of | 
12 load you would have to put on in a particular | 
13 || circumstance so as to retard the growing of the -- | 
14 | or stop in fact, the development of the frost bulb? 

15 A Nog sir, athateisinot 
16 | it at all. The shut off pressure is the pressure at 
Wy which soil upon freezing does not draw water into 
18 the frozen zone to grow ice lenses for example. 
19 Q Well, if you reach -- 
20 sorry. 
21 A That is all I wanted 
22 tOesaynrSixs 
23 Q If you reached the shut 
24 off pressure in a particular soil, does that mean 

25) that the frost bulb or the 32° isotherm would stop 
26 | expanding away from that at that time? | 
27 A No}: siacA it(does "not: | 
28 Ot It would keep -- | 
29 developing? | 
30 A Yes, sir, it would. | 
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Q Now, as I understand 
the range of heave that is acceptable, varies according! 
to whatever construction parameters and so on that 


you have available, that you have implanted on your 


Situation; is that -- 


A I chink that we read into 
the evidence, sir, that it is the radius of curvature 
that governs. 

Q Well, without getting 
into the technicalities of it, am I not right in 
saying that what you are concerned with is making sure | 
the pipe stays in the ground? | 
A Oh, yes, we are Bee ogc 
concerned about that. 

Q And so in some cir= 
cumstances ‘you would tolerate a heave of two feet 
or whatever the case may be in fact,if it did not 
destroy the integrity of the pipe or pull it out of 
the ground or whatever problem it might encounter. 

A Yes, sir. 


Q Now we have, if 1 might 





just perhaps do it within the context of a hypothetcal| 
situation so that we can understand the problem. 

yOu have a situation of say frost susceptible soil and | 
you have the water you require and so on. You then, 

I asaume, go through a certain calculation and 
determine the amount of force you need and then decide 
on what granular -- or what material is available : 


for construction of the berm and then determine the 


size of the berm? | 






| Le ae evel a 
bresetehin Dae woe Ca gf ohh tere ey ew 
nitbyooes saith Sh darqecos Poa aids evned 20 0 


tnds ino 


soy, tte 


1G39 


7° 


Vit 


me 3" 


oa Bes  emSsotie racy, sidered once ens on oa 
; - 
hotoglam: ved ooy tee sldelisve sve sea: - 
a» tedtek jaobieutie 
a 1s : 


ow Jend Snide Yr |. - . 


eo entbex ond et fk edd \tle ,sonesbive edz 


rf ' ,gnrtevop tons 
tuotiiw «Ligh | 


inoy coe tome , Sb to aeldiiesindoss sft osnt 


tiem &k (iiw Senssotes Same LO’ jaw Jedd pabyse 


Thavere aid ak ayste ogiq ed? 


o15 Sw,,ecy .f10 - OA 


.tedd Jtuods Senxteonos 


amoe nz o2 AnA 5 


3602 Owo Io eyeod 6 ederatod Bivow voy’ Boda temuo 


ion StS gk Bi,igosl ab ed yem sess oat xovesar to 


‘uo 2b tiwq to ogqiq eA? Zo wbd suethtad ont youtasb 


tsunmuoode, tdpim 34 me {doze savetedw xo bayorp oy 


, 


“ia ,2as¥ A 


SDM L, 22 ,avad aw wot 0 


tetitagyt 6 to oxesno> ort. mideiw 3t 0b eqsireq seut 


1 


widevq edd baasevebae ass ew sang oe aolisus ite 


brs Lios sldtidqentve teen? yas to nobeutie s svsd- noe 


_ rears. voy 


‘ahineb 


dad noissfapteo nistxeois duozdt op somuanet 


oldslieve.et ieixetam tedw 46 -— <etune 
arid sndmsteab nerd bre ated att 30 a9. 


cst Ome been soy soa0i to Invoms al s 


7 uy : 
fal : 


‘ 


ale 


ue ALA in | _ 


"i 


19 0¢ Sas sttupss voy totsw ont aved: oy 




















2598 


Clark, Hollingshead, McRoberts 
Slusarchuk, Morgenstern, Cooper 
Hardy, Williams 

Cross-Exam by Anthony 


ALLWEST REPORTING L.TD. 
BURNABY 2, B.C. 














1 

. A Could you just go 

4 over that again, sir? 

; MR. GENEST: I do not want 

: to interrupt my friend, but that form of question 

é LSrairri1cuLlt, *2t- nas got eer parts to it and 

7 afel could respectfully ask him to sort .of break 

: them down, it would be a little easier to handle. 

i MR. ANTHONY: I certainly 

5 do not want to confuse the panel. 

Tl MR. GENEST: It is me that 
ar you are confusing. 
ie MR. ANTHONY: 
e Q Given this situation 
15 | then, as I understood your evidence that you determine 
16 the amount of acceptable heave in a situation by -- 
iy) and then you determined how much or .how large a 
13 berm would be required in that particular circumstance |, 
iS to keep the pipe at the location that you determined? 
55 A Veco sr sin.) ©) Chinkethiac 
| is a fair statement. 
3 Q AIA sighits. bh peiieve 
53 that you gave evidence yesterday -.that,in fact you 
ah use as an example in you Calgary Test Facilities, 
25 of a situation where you had burial at about 10 to 
aT I3tect,in order to have a 2 foot heave over a 10 
29 year period you needed about a 5 foot berm, does 
28 that sound =——? 
39 A Yes), Sit think 
30 that is what that example said. 





Q And I guess too, then 
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that if you need a greater surcharge or a greater 
| surcharge by way of berm, that what you do is you 
| add more material on the berm. 


A Yeo, sit, that 1s 


righe. 


Q I am wondering if you 





would mind, Dr. Slusarchuk, coming to the projector 
machine here. Prior to the session I asked 


Dr. Slusarchuk if he would bring out a transparancy? 





which I would then ask him some guestions about. 
While that is happening, 
this was not a transparency that was presented as 
part of the evidence in chief and I was wondering if 
it should perhaps be labeled as an exhibit and form 


part of the record? 


THE COMMISSIONER: Well, 





if we treat it in the same way as the others. 


A This is. the 





one that you had asked me to put on, is that 
Eight? 
MR. ANTHONY: 


Q Yes, I was trying 


to get a way that you could bring others along with -- 


Perhaps you could lower it. Thank you. <> to under= 
stand what exactly takes place and I am not going 
to be relying on the particular figures in any 


particular detail because it is your slide, but I 





am merely trying to get some general idea. 


Now, am I right in 





bd interpreting that slide as indicating .what in fact 
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is the general situation,that the frost bulb forms 


around the pipe at a full and complete circle, in 


otherwords below, above and all sides? 
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7 | : Cross-Exam by Anthony | 
2 ThA Yee. Would 
: you like me to take one second and see what the slide 
’ does show, or do yoythink it's apparent? 
: Q Well, perhaps I could 
6 | follow along in my questioning and you can let me know 
if -- because I don't really -- I'm dealing with it 
: in a general sense rather than in particular growth 
> and so on. As I looked at that I looked for parti- 
06" cularly the uppermost limit of the frost bulb, if I 
ari can say so, which is dated the 20th of April. 
Dil A Yes sir. 
a Q And I noticed that that 
on line goes along the surface up into the berm, and then 
is back down below the surface. 
. A that as correct, (Sit. 
oll Q And hak in iract 2s tthe 
* upper limit of the frost bulb at the particular time 
0 in your experimentation. 
- A NO@esiiw that's not 
ty correct. In the wintertime it was completely frozen 
> right to the top. This whole zone was Pe ogon aa 
oy of this zone, it was frozen from here to over around 
vi here, this whole zone was frozen, sir. The 20th 
35 of April it's down there because it starts to get 
wel warm. 
27 Q Right, so as I under- 
29 Stand,what in fact takes place is that as the summer 
39 sun hits on the surface, it melts down or lowers down 





the freezing 32 degree isotherm on both sides. 
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| 


A Just the same way as it 


_.does in ymwr back yard, sir. 


Q Right, O.K.. So.we have 
a situation then where the upper edge in non-permafrost 
soil of the frost bulb goes a certain level below the 
surface, depending on the amount of summer heat 
penetration and goes up over the pipe, up the berm, 
into the berm, back down and then again, depending on 
the surface, along both sides. 

A You can see right here 
sir, that one month later it's not in the berm at all. 
Vise atoot and ta shabt ower. 

Q Rat, as il say a’ m not 
using your example, I'm merely trying to get the 
general point. That is accurate, though, what I've 
just said, as far as on the 20th of April that's what 
that line shows. | 

A Yes. 

Q Thank you. Now, would 
you agree, would you not, that if the berm was higher 
the upper extent of the frost bulb would also go 


up higher into the berm? 





A Yes sir. 

Q So even in a relatively 
small berm, as you've shown there, you have the frost | 
bulb extending above the original surface of the | 
landscape? 


| 


A The frozen zone, sir, 


! 


yes. We generally call a bulb, we refer to something | 





like this as the bulb and this is part of the seasonal' 
































| yl Mb i 
qa09, ovate 
eer i" 
jd 28 Yew omse a seut A 
ate at aned x ak 8 
avail ow o8 ».9,0 «tapi 9 mY en 
genp2iemzsq+con cl aphs tsqqu ont exe nerd noitsusie s° 
eft woled Isvel nisyie0 8 seep aiud taort oda to ties 
saad xesue to aooms ea? no pokbaeqeb yest awe 
qized eft at ,egtg eng teveuge &S0PR bas golietemed: 
née pnibredetl aisns nade bas wok load ‘eae eis otnt 
| .eebhw ftod pools \sostxwe edd” | 
gio sietst #62 aed woY ri | | a | 
ifs is mted ofS al doa est cate djonom ano tedd ,tie of 
rewel Iled wn bas tool 6 2°31 | 
pmit ye Tes Irth ) . 
en yi ont printed yiozem m'I ,siqmaxe Woy patey | 
'y jerw. , dpvent (etsetusaa et tant .jnitoqg Lexzeitep | 
jenw 2! tend Lingd 2o AvOS sie ao aa set es \bine seu 
-ewode onil ted 
-eoY 


Pla low woe wo Arex? 9 


toubic ase musd oad ti tent «ton Hoy binow ,eespe voy 
op oalfs Bisew divd seert ens Jo snesxe. t9qge ort 


) | fmxsd oft oFnt tedpid qu 


tif aox A . 
] ' 
yieviseior & nat teve oc 9 . a 
‘ 4 i eo 
! a 
geertl sdz aved yoy ,etadd nwoftie ace 26 varsed IL, me f 
} ign . 
; ait to spsetaue Lanipiae eid ovods nctbhoedias did 
i enn 


,xi8 yeros agsot® onT A 


i 

onidiemoe ot tstez sw dived & ilao eee 
a, 
7 encase eid 20 Jusq at with Sas thas 
| 


b ; _ 


29995) 


ALLWEST REPORTING L-TD. 


BURNABY 2, B.C. 











~I 




















Clark ,Hollingshead,McRoberts 


Slusarchuk ,Morgenstern,Cooper | 


Hardy ,Williams 
Cross-Exam by Anthony 


freezing path of the frozen zone. 


Q Well, in any event, it's | 


frozen from the pipe right up through, above the 


pipe, right up through into t he berm, 


A Yes sir, that's correct. 


Q I would gather then too, 
that when you have that extensive freezing, that you 
in fact have an impermeable layer from above the sur- 
face in the berm right down to the lower limit of the 
frost bulb. 

A Tiat's ‘correct, ‘sir. 

Q And I would gather, too, 


that the result of this would be to act as an ice 


dam, if I can use that phrase, for any cross-drainage. 


r A Any sub-surface cross-— 
drainage would tend to come up against that, that's 
correct, sir, and you'd have to flow around there or 
flow across the top in our berm breaks. 


Q Dealing then with the 


sub-surface for a moment, what do you do to facilitate |! 


any sub-surface drainage? Do you just say, "Well, 
gomaround “che “frost *‘buthb, “or “do"you *do “anything in 
particular to facilititate sub-surface drainage? 
WITNESS CLARK: Perhaps I 
could answer that. Drainage wouH relate, of course, 
to the soil type and the amount of flow, and again 
getting back to conduction and convection, the shape 
and size of the frost bulb would be influenced by the 


flow in the soil type. By and large, for the 
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: condition Piiseraced there, if it were a frost- 

; heaving soil, it would be very fine soil down where 

the frost bulb is, so that there would be very little 

: flow. It would be measured in centimeters per year. 

; Upvat the top,where there's’ the active layer, there is 
a more flow there because the soil is not dense, probably 
organic material. Now that would --there would be | 
‘ a component of that that would be unfrozen all year | 
iz around. The backfill itself has a permeability that 

~ would be several orders higher even than the organic 

ia Material -- and by "Several orders" I mean 100 to 1,004 
- times greater, so that there would be a cross-flow | 
a above that mound that Dr. Slusarchuk points out,directly 
= below the berm. When that is thawed, and if there is | 
eg any water that rises to the surface, that would be | 
ri handled as normal surface water that would flow through 
a the berm breaks. 
a Q I won't get into surface | 
™ at the moment, and again I extend that to the situation 
= where you have a larger berm because of the pressure | 
5 you require,so that for purposes of illustration, | 
a the freezing level under the berm will be in fact | 
% Gite aebit higher,*go quite a bit further into ‘the | 
{ berm. Now, aS I understand what you have said is that 
* the natural sub-surface seepage would in fact rise 
- above that and go around? 

: A No, it wouldn't flow 

a6 uphill. It has to flow acer gravity except where 

a5 there is capillary rise,but -- | 
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Q So the lower one you 


would expect would just go under the frost bulb and | 


out. 
A The water? | 
Q SOLTY, YES, any .sub- 
surface drainage would -- that was in the lower level 


Teuit was to cet by the ice dam, as «= referred to it 
would go under-water and out and you don't -- 
A NO. In Order Foret, ta 


a frost-heaving soil, the flow through it couldn't 


{ 





be very great. 
Q Dealing with a level that 
== at the upper portion, I should put it -=- that the | 
-- but still on the sub-surface, whatever movement of | 
water there was,as it came along it would hit that 
ice dam which extends up into the berm and would 


stop, and I imagine the soil -- I don't know if you 


have sub-surface drainage called upstream, but 
certainly the direction from when ce it came would | 
become more saturated than normally would have been | 
the situation. : 

A If there was flow there | 
it would be 100% saturated to begin with, and it | 
couldn't become more saturated; but the characteristics 
of a flow could change and I think I'm grasping your | 
concern here, and that is are we going to block off | 
completely the water that would normally want to 
flow across that right-of-way? 


Q Dealing with the sub- 
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surface. at. this: point, 

A At sub-surface level, 
yes. Now there are situations that I could conceive 
that if we took no remedial measures, that that would 
happen, and that can be handled in,as many cases can 
be,by different approaches, depending on the consequende. 
Now one particular consequence might be this one of 
icings, creating icings. Now we don't view them as 
a particularly serious problem. As you know the terrain 
that tends towards creating icings now, there are | 
icings there and I think in fact this week we are | 
doing another reconneissance of icings along the 
route, but if we did create an icing*or an icing 
was created where it wasn't acceptable, there a 
techniques that could be used to induce it to form 
where it would be excess -- it wouldn't be of as much 
consequence, and this is a technique, for instance, 
that's used in the construction of highways, parti- 
cularly the Alaska Highway, icings have been inter- 


cepted. But then if by intercepting this icing, or 


! 





if by forming a frost bulb in a berm, we cut off mois- | 


ture that was required down-slope, what we calla | 


shadow, we could, we believe, conduct water through | 

there. Now in order for it to be Important, 2f has | 

to be a fair quantity of the water, as we see it, 

and we feel that in those circumstances we could pitk 

it up on the upslope side and carry it through the 

berm. ; ) 
Q Well, there's a couple 


i} 
{ 
| 


of issues there and I'll try to separate that by 
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ie chu Morgenstern, Compact 
Hardy ,Williams / 
Cross-Exam by Anthony 
dealing solely with the sub-surface. 
THE COMMISSIONER: Excuse mat 
Dr. Clark, just so I understand®the thrust of Mr. 
Anthony's line of questioning, you're chilling the 
gas in a buried pipeline, and you're chilling it so 
that you don't melt the permafrost that confronts you 
with the problem of what happens when that chilled 
gas is piped through discontinuous permafrost areas 


where you run into unfrozen ground. You nave chilled 


to overcome one problem, and you've created another 





problem for yourselves. Now?Ene Calgary test site | 


you're seeking to determine what will happen when that 
chilled gas is piped through unfrozen ground. Mr. 
Anthony says that the so-called frost bulb constitutes | 
Sort of an ice dam, it is frozen ground that is nee 
meable to water so what happens to normal drainage? | 

A That's *rights 

Q Now, if I haven't been 
thrown off so far, what I don't understand is whether 
you are saying, "Well, there isn't any water sta g| 
sufficient quantity to worry about, or else if there 
is we'll find a way of getting it through the frost 


bulb so that it can proceed to wherever nature inten+ 





dea" it~ to” got ” | 


Now is that where we're at? 


} 


A Phat Se 1tont, Sit. | 
| 


Perhaps Ican amplify on that. Mr. Anthony was talking 





about flow under the frost bulb. 


Q Flow what? 
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Slusarchuk ,Morgenstern,Cooper 
Hardy ,Williams 
Cross-Exam by Anthony 
: A Under the frost bulb, he 
2 was asking if water would come along and flow under it. 
3 Q Yes. 
4 A Now the point I was mak- 
3 ing éthereisisir,y is’ that iff4imais avhighly ‘frost-suscep 
6 | tible soil and again he's relating this, I believe, 
7 to the fact that we have now put a surcharge on the 
8 top, a wider berm is shown there, in order to require 
9 that surcharge it would have to be a highly frost- 
10 susceptible soil, and if it's a highly frost- 
ml susceptible soil,it's a very fine-grained soil, and 
r2 if it's a very fine-grained soil there is not much 
558 water through inter so we wouldn't be counting upon that 
#4 as a solution. We wouldn't in effect be saying, "well, 
15 the water can come along and go out underneath and 
16 up the other side." It's just not a viable solution. 
17 So the concern then relates 
18 to the very near surface flow, orthe surface flow, 
19 and this is an area where we would have input from 
20 our plant ecologists. They could look at the surface flow 
21 design ‘measures that we have, some of which I illus- 
22 trated yesterday, andiiete thatwards not? satisfty- the 
23 re-distribution of moisture on the other side of the 
24 right-of-way, because you see it depends on how the 
25 soil there gets its moisture, whether it's predomin- 
26 antly sub-surface flow or surface flow. 
Zi 
28 Z 
23 
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Slusarchuk, Morgenstern, Cooper 
Hardy, Williams 
Cross-Exam by Anthony 

Now, if the drainage measures 
did not satisfy it -- if there was subsurface flow 
of a significant amount, we believe that we could 
carry it through the frost bulb, because we can move 
a fair guantity of water without having it freeze. 


If it was a very low amount we would have difficulty 


moving it through because it would not go 


through fast enough and there is a good chance ead 2c" 


would freeze. So the point I am trying to make is 
that where there is a significant amount of flow, 

it can, we believe, be carried through that 

zone where it is frozen and that would only be 
required where we had a surcharge such that it might 
cut off that area of normal flow, did I answer your 
guestion, Mr. Anthony ? 

MR. ANTHONY: 

Q Wellee in part.== 
I will split up a little bit:, “Wheone’ about the 
going under I will deal with quickly because Leas 
not my prime concern, but first of all I understand 
an aquifer is the layer that the water would be 
flowing through or under if there was subsurface 
movement. 

A Yes, sir. 

Q Now, my understanding 
also is that aquifer can be underlain by frost 
susceptible soil-- 

1X Yes, sir. 

Q 4#-iso070r domnot under- 


stand if that is in fact the situation why it is im- 
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; possible for -- OF for example, the frost bulb to 

*| extend across an aquifer below the frost bulb. 

‘| A I certainly did not 

Py intend to indicate that that was impossible -- that 

>| could happen, yes. 

= Q Okay, fine , so there 

oy is the one problem that we have isolated, fine. 

a Now, dealing with the part 

| 

a at the surface we have again the situation where 

= the frost bulb is above the surface, of the original 

= | surface and as I understand your resppnse £0. thet, 1s 
| that two things will happen. Either the water will 
a build up and then come on the surface and then we 
‘_ can talk about that in a moment, or alternatively 
ie I believe you said that there is a method of 
a conducting that water to the shadow, to the other 
ii side of the ice dam. 
aa Now, would you tell 
2a me what techniques you use to do that? 
= A I thought I had, | 
au 

sir. The point is that if there is a significant, | 
e a fairly good aquifer close to the surface and it | 
: was required to get water fiom one side to the | 
| other, we feel that with an insulated conduit | 
=o It could be picked up on one side ad redistributed on | 
i 

an the other. -- And carried through. 
. Q That would be taking an. 
5 
sai insulated pipe, shall we say, through the frozen 
fro&kt bulb or the frozen area in any event? 
| A Ves asa. 
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Slusarchuk, Morgenstern, Cooper 
Hardy, Williams 
Cross-Exam by Anthony 
Q And you are satisfied 
that by putting pipes through that, the water will 


not freeze and block the pipe and have the same 


problem, is that it? 


A If there was a very small 


flow that would happen. But if there is a very small 


flow it would not be required.to do that, I feel 

Q Okay, so we deal with 
it then,when there is a small flow you would not 
dofanyehning ana you would “let at build up and on 
the side because it would build up rather slowly? 


A Well, yes. What you 


are looking at there is one section through a pipeline 


and you are looking at that top isotherm with the 
mound on 21t. Now, Lf you look lengthwise and 
follow this “down, ‘that mound “is not ‘a *straight Jing, 
it is like the permafrost table, it is up and down 
and where it is down, the water would go through and 
where it is up, it would not. 

Q Apo "say, lL’ “did, not 
want to get to where the water is above the ground. 


I still wanted to deal with -- 


A I am talking about also 
subsurface, sir, as well. 

Q So in that level then 
you would -- if it was a significant flow you would pu 


a pipe through the frozen area and the flow would be 


sufficisat that it would not freeze? 


A If it was a significant 


flow. The pipe could be well insulated through that 
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Clark, Hollingshead, McRoberts 
Slusarchuk, Morgenstern, Cooper 
Hardy, Williams 
Cross-Exam by Anthony 
area and -- that is amendable to a design,to a calcu- 
lation, to an analysis. 

Q I may have missed this 
or people who I was discussing this with -- could you 
tell me what experiments you have done in with 
using this technique and how successful they have been 
and) —— 

A ido mot Know of any 
application of this technique simply because it, to 
my knowledge has never been required, but the -- 

THE COMMISSIONER: Thaty is 
the insulating of the pipe so that it does not chill 
the unfrozen ground. That is the technique you 
are speaking of now. 

A The insulation that I 


was talking of, sir, was the insulation that we would 


put around the small diameter pipe tokeep it from 


freezing -- 
Q Oh, fF see, yes == 
A Thatehnas ——) there 
are endless examples of that -- waterlines and so on. 
MR. ANTHONY: 
Q Well, I myself cannot 
pursue -- evaluate that, but I am wondering if you 


would perhaps advise this Inquiry of the studies that 
have been conducted on this technique and the results 
of these studes and perhaps if there is some signi- 
ficant question we can discuss it at a later stage -- 
A qt should make it clear 


that there have been no studies -- or tests done with 
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Slusarchuk, Morgenstern, Cooper 
Hardy, Williams 
Cross-Exam by Anthony 


chilled pipeline of conducting water acrossed across 


a frost bulb. What is a common practice is to insulate 


water lines and swerer lines where the ground might 
freeze them. 

Q WE11 then, perhaps we 
could still get that information and try to interpret 
it and if I understand it, the technique of 
actually putting an insulated pipe across the 
frozen thing has not been experimented on? 

A The techniques of 
insulation are so well established that it is almost 
like going back to Archimedes Principle on bouyancy. 
I am not sure what kind of data you are looking 
£or;"sir.- If you are* looking’ for “properties of 
insulation and tests like this I am sure that we 
can get that from manufacturers and examples of 
where they have been, insulation has been applied to 
pipes. | 

Q Okay}+soetnat-i iunder= 
stand it, you are saying that there is a general 
knowledge about insulation properties of pipe and so 
on and that you have not in fact experimented with 
actually usinga@ pipe in this situation -- 

A No, there has never been 
an opportunity to do that. 

Q Thank-you. 

Now, let's now go to the situation where a flow is 
either minimal or your flow through pipe does not 
work and you have the situation where the water 


builds up on the upper slope of the berm, because of 
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Slusarchuk, Morgenstern, Cooper 
Hardy, Williams 
Cross-Exam by Anthony 
damming effect of the frozen area. Now, I would | 
assume that if it was not at a saturated level 
above the pipe when it started, it would become aatu- 
rated and the water would then come to the surface, 
is that -- in what you described as an icing or a 
forced icing? 

A Yes, an icing could 
develop there. I should also point out sir, © | 
that in our assessment of, to what extent we would 
deal with some of thse aspects in phase one, we 


viewed the impact, what you are getting to, as Phase 


two in the water stage, and I am not a hydrologist 





and what I am passing on largely. is data from Dr. | 
Harlan “and *he could, I am sure, amplify on several 
aspects of this because he has done experiments and 


studies in the north on ground water behaviour and -- 
| 


any eventand before getting into the problem of whether)| 


Q At this stage at 


anwacang is good ‘or bad, at “least we have.got to the 
stage that that is what will result. 

A Ai VeingecOuUlderesu lc, 
yes. 

Q Now, am i accurate also 
in saying thatgiven that situation again, or even 


a further protruding frost area under the berm, that 





there was surface drainage coming down -- again I 
am assuming that it is a slope -- the surface drainage 


that would come down, as I understood your evidence 


yesterday, would then be diverted through the 





techniques you described through cuts in the berm and 
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Hardy, Williams 

Cross-Exam by Anthony 
then allow it to continue on. 

A Yes, Sir. 

Q Now, I would imagine 
then that if you have got a frost bulb protruding | 
for some distance above the surface intostne 1rost =—* 
into the frost area, that any surface water that was | 
diverted across the berm at that point would also 
cause icing? 


A No, I do not believe 


that that would be the case. 


Q Well, then Jet's ex- 


plore that. 


T Look at etna and DL see 





a situation where the frost or the frozen area 
under the berm extends above the surface andyou 
are diverting -- you then cut into the berm. 


That is correct? 


A Thats ~COLrect. 

Q So assuming you 
would then cut it then down to the surface level to 
allow for this cross drainage. So using that example, 
there, you would cut the berm down to below where it | 
would normally be frozen. Now if you had not 
touched the berm, there would be a frozen area, 


but in fact you have excavated the berm at that point 


to allow for cross drainage. 
A yes, and if I could go | 
back to my example, if -you took the top Of tnat 
that we are Ra@oking at 
line there ‘in section and followed it along tne 


pipe, it would go down where there is a berm. 
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Q Of course it may not go 
down at the place where you want the water to 
cross. It may not go down as a matter of fact for 
quite a distance. 

A Buty thes factasthat there 
is water there to conduct means that we are talking 
about summertime. Or if you are talking 
about the spring runoff which as Professor Church 
pointed out, represents about 50% of the annual 
precipitation and then of course all the ground is 


frozen and it is just a case of running over frozen 


ground -- 


Q I appreciate all of those 


things, but -- let's go back again to the example. If 
you have a high berm with a high frozen area underneath 
it that extends for some considerable length because 
the pipe is buried at five feet and in fact the 

frost bulb has extended to quite a height and you 
would have to surcharge it. You have quite a dam that 
extends above the surface. Now, it is possible, 

I would suggest that you may want to cut across that 


berm to allow for surface drainage. 


A Those cuts would be 
established at the time the berm was built. I think 
that that might be the misunderstanding is that you 
are assuming that we would go in and cut through a 
berm that is frozen. 

Q Well, I am saying that 
there is the possibility is there not that that 


either may happen or that because of the surcharging 
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| vee require you are going to tun into that problem 
2 in any event? 
; A ONe could speculate | 
. that that could happen. We have gone in now on this 
: situation and I cannot visualise, but I can speculate | 
m that -- and we have cut into a frozen berm to let 
" water go across, that is the point where we are 
2 at now, are we? | 
>| Q Raght: | 
a A Fine. 
io. Q Now, that surface water 
ne would also cause an icing as it crossed over the 
13 . | 
pipe area? | 
14 | 
A Oh, no -- no. It is bringing 
a imiheat with dt.,1Thestect»that.it-is running,» 1t. Ls 
shel not frozen. | 
ed) Q So do I understand your 
“ evidence that as the surface water cutting across the 
= surface of a berm where normally it would be frozen 
“ above it, would not freeze? 
a A Well, as soon as we cut 
ae that berm and expose the frozen part, that is going 
= 
ee to,stanty,to mel1t. 
5 
a Q Okay and -- 
a A And the water will | 
& 
e probably cause it more melting because of the 
. convective heat aspect. 
” Q So your evidence is that | 
"| in any event that as the surface water goes over an | 
| area in the situation we have described, it would not | 
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1 
| EReeZe: 
2 | 
| A In the context of 
% | 
the scenario that you have described, that is | 
4 
correct. 
5 
Q In what condition would 
6 | 
} the surface water freeze then? 
7 || 
A T£iteewas stopped there.)) 
8 | | 
If it was ponded at that berm break, but if it was | 
a 
flowing, I cannot see how that,during the summer- 
10 
time, when there is rain, that is where the 
LL 
| surface water comes from. 
12 
Q What about in the 
G3 
summertime when there is just a very, very light | 
14 
flow. The surface water is not one that would | 
5 
either come washing down the mountainside with 
16 
a greater amount of heat and force, botein facts 
17 
just a very light surface trickle. Perhaps ‘you 
18 
can wait until I finish my questioning on this 
19 
and then you could perhaps expound on Le af, you 
20 
waiebh. but +- 
21 | 
A Certainly the water that 
22 
would be below the 32 isotherm would freeze, but in| 
23 
the summer time that isotherm would not rise above 
24 
| the ground. 
25 
Q In that circumstance you 
26 | 
say khat there would not be a frozen isotherm at the 
21 ! 
surface? 
28 c 
A Not in the summertime, | 
20 
S47, Perhaps Dr. Slusarchuk could illustrate with | 
30 | 
a sketch that he has very quickly developed that would 
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Cross-Exam by Anthony 


schematically show what we are talking about. 

WITNESS SLUSARCHUK: 

A This is our pipeline 
running along’ here’-= 

WITNESS CLARK: 

A That is very schematie, 
iamLone*say, “Sir. 

WITNESS SLUSARCHUK 

A This.1s" our berm. 
The top -of*our berm’ right over “the centre line of 
our pipe and the original ground surface for example, 
would be somewhere about here. Your point, sir, 
Leenerc. Our pointe, "sir, as I understand it <-- 
this was the original ground surface and it is now 
frozen above’ thatlue to the cold pine and because we 
have put the berm on top and you are worried about, 
or you are concerned about water flowing in this 
direction, say, and being dammed here because it 
now would like to flow down here, is that what I 
understand ? And this is the berm break that we are 
talking about, additional ground surface is now here. 
Without even considering whether or not warm water is 
going to melt, or cause further melting across 
here or not, the natural sun itself as it started to 
thaw here and would simply thaw down beneath here as 
well. So at the berm break, we would in fact have 
the frozen zone beneath the natural ground surface at 
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1 

: Q The point I was perhaps 

7 getting at, and that's helpful but now assuming that 

A there is some surface run-off commenced, and the sun 

3 hasn't thawed down the frozen area to the dotted line 

: but in fact the frozen area -- and I think the one 

vt thing I would disagree with on your diagram is that 

| in fact I would assume the berm on the left-hand 

9 side would go up again, so that you have -- 

ih A Veo Sir, that, Ss right. 
Ay I meant it to be the same height. 

1 Q Right, so that you've | 
ie got that left one just as high, and you have the | 
“iat | dotted line coming, going down around where the berm 
ie break is, and then going up again. 

a6 A VYeasuciur. _biieant this 

ta | Partyte.be amrror reflection GCletiat part. 

18 Q I am merely enquiring | 
19 as to whether or not it is possible, in facta. caat 
20 the melting within the berm break may for example | 
21 an accumulation of snow in there, or for some other 
22 reason that the sun cannot penetrate, would in | 
33 fact melt at a slower rate and therefore still in 
a4 fact be frozen right at the surface where the water 
35 would normally traverse. 
56 | A Tesece yours point, cir. 
27 Q And that is possible, I 
28 gather, if the sun didn't pets lero the, DEL 

39 break it would still be at the surface level and the 
30 | water would freeze. | 
——— | 
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up the slope it had started to melt already, even 


Clark ,Hollingshead,McRoberts 
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Cross-Exam by Anthony 

WITNESS CLARK: 

A The water iS moving, sir, 


you had it bkocked with snow and you also had water. 


Q I'm going on the basis 
that -- don't throw me off because I don't think -- 
A ym, not erying:* to throw 


you off, I'm trying to understand you. 

Q There is a situation 
where the dotted line would go right to the bottom of 
the berm break, and I'm saying that there is the 


Situation where the sun has not melted below the 





berm break level, so that that dotted line in fact 
goes straight at the bottom of the berm break. The 
sun has not melted it any further down. 
A Oh, I see. 
Q Now in that circumstance 


the water, as it went over that, because somewhere 


though it hadn't melted in the ‘berm break, it would 
in fact freeze. 

A No, again we're mixing 
two things together, and I'm not trying to be argumen- 
tative; but if the sun hasn't melted it, that means | 
that the run-off that we're dealing with is snow. You 


would agree to that? 





Q No, no, I'm not gying 
that is it not possible there could start some run- 
off up the slope that would come down at a time when 
the sun hasn't melted the berm break so as to move 


the -- to have an unfrozen area under the berm break. 
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| 

2) Do you see that? 

24) A I can't conceive that 

4 happening because we're really talking about snow 

> melt, if the sun hasn't melted it. 

6 | Q Well, perhaps we're 

7 obviously, I think the point is clear; if we can't 

4 agree as to whether or not it's possible -- 

9 A Another point that I | 
10 think is significant here is that I showed yesterday | 
11 that at those berm breaks the soil is gravel. Gravel 
12 | has a lower latent heat than a fine-grained soil, and 
13 therefore it melts faster, not slower. 

14 Q Well ly atiewon'tieget ano 

15 arguments as to whether it's possible to have ; for 

a example animal passage or any other reason, a compact— 
17 ion of the snow so that the sun doesn't get at it. | 
18 I'm getting at the question obviously of differential | 
19 melting and the fact that it's possible to have | 
20 compaction of snow or any other reason, the berm break | 
21 doesn't melt at the same time that the untrampled | 
22 snow up is melting; but as I say if you can't follow | 
23 on Ler why. +I’ lab alet at go. | 
24 THE COMMISSIONER: Mr. | 
aa Anthony, just a moment ago you said the point is clear.| 
26 | Would you tell me the point that you understand is | 
27 cleat andtjust®so that Pi Drs Clark or Dr. Slusarchuk | 
ee don't agree we will know; if they do agree we will 

29 


know. 


oe MR. ANTHONY: Well, the point 
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that I was attempting to establish, and I thought at 
One stage I had a glimmer of recognition, was the 
fact that it is possible under certain circumstances 
where the sun doesn't melt the berm break area as fast. 
as other areas, that in fact the frozen level will be 
right at the surface. Therefore due to this differen- 
tial rate of melting there may be some surface flow 
that hits this berm break and freezes, because the sun 
| 
hasn't penetrated below the berm break. That.<s | 
merely the hypothetical situation I'm creating. That | 
may be helpful, I don't know. 

WITNESS COOPER: The situation 
you're referring to when we get water flowing down the 
berm and then across a frozen portion of the berm 
break, O.K., for that water to freeze it would have 
to be essentially at 32 degrees itself, and we would 
have to have the frozen berm at several deg¥ees below 
| 


32, otherwise even a part of one degree above 32, if 


the water is at that temperature, it will tend to 





melt the berm break rather than freeze itself. Now 
we've got any number of examples of channels cutting 
-- actually cutting their way into off-ice areas where| 
you've got a surface temperature that would be below 


32, and they will erode through that rather than freeze. 





Q The only point is that | 
this is possible that situation could arise. | 
A- Noy. ft dontt: think-so. 


It would be -- the water would tend,in the situation 


| 
you've portrayed to melt the berm break rather than | 


a et: a 
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; afas, 
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freezing itself. 


Q 


obviously have to do without that one. 


Oe Key 


then we'll 


Let's then 


go on and “that's fine, Dr. Slusarchuk, as far as 


those diagrams are concerned, thank you. 


Let's deal then with the 


situation in permafrost soil now. Now I wasn't clear 


from Mr. Williams' answer this morning as to whether 


or not the Sans Sault test facility included experi- 


mental design techniques necessary to measure and 


calculate frost heave in permafrost. Could you tell 


me whether that facility was designed to test for 


those sorts of things? 


WITNESS WILLIAMS: That 


was not designed to test the frost-heave phenomenon, 


no. 


Q 


Well, then, merely I 


would just like to get some information, Lf that 


facility in fact didn't deal with that problem. 


You state in your response to the Pipeline Application 


Assessment Group concern No. 


8.) on, page 3 Of -vour 


responses, there was the question of frost heave 


around pipe buried in permafrost. Your response is: 


"Fromthe studies we have undertaken for the 


applacant, == 

MR. 

MR. 

canned response by the panel 


tion Assessment Group. Page 


{ 
| 
} 





GENEST: Can we’ find that? 


ANTHONY : 


Pi S aie Lae 


to the Pipeline Applica- 
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McRoberts is 
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Hardy ,Williams 
| Cross-Exam by Anthony 

ify whispering in Mr. Williams so he may be the one to 

2| respond. The response is as follows: 

3 | "From the studies we have undertaken for the 

4 | applicant, it is our view that water migation 

>| in permafrost due to operating the pipeline at 

6 | below freezing temperatures would not produce 

7\ significant heave during the life of the 

8 pipeline." 

? Could you tell me which studies you were referring to 
10 with respect to experimentation of frost heave ath | 
A permafrost? | 
12) WITNESS SLUSARCHUK: These | 
13 | aren't referring to experimental studies, sir, they 
14) are referring to -- not wholly to experimental studies. 
15 They are referring to analytical studies that we have 
16 | undertaken as well. I might add,that although the 
17 | Sans Sault test facility was not designed for testing | 
18 frost-heaving, as Mr. Williams said in permafrost, 
19 in fact we can make use of the data from there to | 
20 help us out in that. They had risers attached to the 
el different active sections which he described they 
22 were operating at the different temperatures. They | 
23 have made elevation surveys and we have the results | 
24 of those surveys, and over’ the eee period that | 
25 | they were run, sir, we cannot detect any noticeable | 
26 rise of the pre or frost heave due to operating the | 
27 pipe in permafrost. 

28 Ons Well, there are two 
29 issues I addressed myself to. The first one is you 





a didn't test for it but you didn't find it, is that 
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what you're saying; at the Sans Sault you did in fact 


design a facility to test for frost heave in permafrost 


but you didnt, fandvany,.. 

A Nous?treaMrs Wiltvams, 
Sir, said that that was not an objective of the 
test facility. I am saying that although it was not 
an objective of the test facility, there was enough 
information obtained and the proper instrumentation 
put in, and elevation surveys run,so that in fact we 
could make use of it as a test facility for frost 
heaving in permafrost. 

Q Do I have your opinion 
then, Dr. Slusachuk, that on the basis of the design 
technique and the information you obtained you are 
in a position now to discuss the amount and signifi- 
cance of frost heave in permafrost? 

A I understoced this was 
what I was saying, sir. 

Q I see, and do you feel 


any further study is required to determine frost 


heave in permaftost, or have you got enough informatio 


now? 


A No sir, my opinion is 


that frost heaving in permafrost is not a significant 


engineering problem to us. 


Q And you've come to that 


conclusion on the basis of the information that you 


now have? 


A Yes sir, that “is 


COEECCE. 
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Q Let's look for a moment 

| though at this question, and I know, Dr. Slusarchuk, 


you didn't do any experimental work or field work on 


the question of permafrost or frost bulls. or frost 








heave in permairost, your work being involved in the 
non-permafrost area in Calgary. But I'm wondering if 
perhaps we could operate on the type of analytical 
extrapolation you suggest and try to get an indication 
Of what in fact the frost bulb or the frozen area 


around a pipe in permafrost would look like? 
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Laimagine then that in perma- 
Prostathe frost ridge ,.if vou want to puk at that way, 
would similarly extend up the berm. 

A You're just talking 
above the pipe now, sir? 

Q Above the pipe, yes. 

A Yes sir, above the berm 
of the backfill, we're certainly not planning any 
surcharging up in that area, in that point. 

Q So you're just talking 
about the berm of the backfill? 

WITNESS CLARK: The spoil 
mound, yes. 

re) The spoil mound, so in 
any event, without getting into technical detail about 
heights and widths and so on, there would be, ee Ae 
may characterize it, as a ridge of frost above the 
usual level of the permafrost level into the active 
layer? | 

WILTNESS SLUSARCHUK: Just for 
a very small portion of the summer, sir. The spoil 
mound is not high, and if we are shown that there is 
an active. layer over top of the pipe at the field 
test fadlities, both at -- well, at all three of them, | 
Prudhoe Bay, Sans Sault, and Norman Wells -- it's 
Certainly there fora part Of the time’ because it 
freezes right to the surface on the top and it takes 
a finite period of time for it to thaw down. It 


thaws down through that top foot very quickly. 
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1 

, Q But what I'm getting 

3 | at, though, is that at the spring, for example, you 

4 have a situation where evervthing has been entirely 

5 frozen all winter, and as the sun comes it melts the 

6 | active layer on both sides of the berm and the top 

,| of the berm, with the result that there is a ridge, 

| as you say, for perhaps only part of the time above 

: the pipe,underneath the backfill berm. 

no . A We're talking about 

1 time length maybe several days to a few weeks. 

12 Q But I suppose if you 

13 had a higher backfill or a higher berm, that the ridge 
14 would be higher and last longer. 

| A Dependent on -- it also 
16 depands, sir, on the depth at which yau buried the 

7 pipe; the deeper you bury the pipe, the less influence 
18 it has on the position of the thaws above it because 
19 the energy from the sun coming into the ground sur- | 
20 face dominates the cold, if you want to put it that | 
21 way, that's coming from the pipe. | 
22 Q But given the situation | 
33 of a determination of the depth of burial and then ) 
24 | by some inexplicable reason there is frost heave in | 
25 permafrost, and you have to surcharge on the top, | 
Bt you'd increase this ridge into the active layer, would, 
27 you not? 

2g A We are talking an 
29 extremely hypothetical case, sir; we have no plans 


30 for that whatsoever. 
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1 
4 MR. GENEST: Well, Mr. Commis- 
3 sbner, that to me is impossible. The question is 
4 prefaced by the terms that "due to some inexplicable 
3 Situations 4 wladon ubewantabOwminLertere with my friend's 
6 | cross-examination but I don't think that sort of 
7 | question gets us anywhere. It's impossible to answer. 
8 | MR. ANTHONY: Well, Mr. Commis- 
9 sioner, we discussed because there were experiments | 
10 done, of the building up of an ice dam underneath the | 
i berm in non-permafrost soil, and I am merely ae oeseant 
seat -- and while my friends admit they haven't studied 
13 | the point -- that the same situation would develop in 
14 permafrost soil, that there would be a ridge under the 
£5 | berm into the active layer, the extent of which and 
16 | the duration of which we don't really know. 
17 WITNESS SLUSARCHUK: No sir, 
18 I didnot say that. I thought I was very clear that 
uy we had studied that, and we've got experimental | 
20 evidence from our field test sites and from our : 
21 geothermal analysis, some examples of which are in | 
22 the application, additional responses to the PAAG, | 
23 and what you are suggesting it just doesn't seem to | 
24 be .correct,, Sir. 
oe MR. ANTHONY: Q But did 
26 you,not, say,,;that in,fact there. would;be,.an ice | 
27 ridge into the active layer above the pipe for what- | 
28 ever duration or however you want to complicate it or 
29 limit. Lt. is) thatsnotuso? 
ies A Yes sir, we said that. | 
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Hardy ,Williams 
Cross-Exam by Anthony. 
‘ Q Thank you; and I would | 
4 imagine, Siry (Do. dark, and "again 1m just. ‘trying :to 
4 get a simple answer to the thing, if there was a ridge 
4 into the active layer, this would have an effect on 
4 cross-drainage across that pipe. 
4 | WITNESS CLARK: For the period that 
7 | ridge was there it would. 
| Q Thank you. Let us now 
a again look at this question of the frost bulb but let's 
look at it in the context of river crossings. Now I | 
ah believe the evidence has been led that under rivers | 
11] or large rivers in a permafrost area there is in fact | 
sn | no permafrost, we're dealing with a non-permafrost | 
- situation. | 
= A Mictie Ss ICOLrect,,. Ves. 
‘ag Q And we have discussed | 
= | in the evidence before this Inquiry about flow 
i characteristics of such rivers as the Malcolm River, | 
oa for example, on the north slope of the Yukon. Now 
<a I believe that as a result of those discussions I'm 
S accurate in saying that in those rivers, for example, 
4 or in that river, for example, dealing with it as an 
“ig example, that in winter often it is freezing right | 
oe throughout -- at certain portions -- throughout the | 
| whole depth of that river. 
2 A Tewouldetninks that jan 
= certain braided portions that would be the case, yes. 
“e Q As a matter of fact, 
a in case you wish to refresh your memory, I would | 
* refer you to the biological report series which is | 
a the supporting information of the Arctic Gas application 








Bisow I bas eae 
od waiyss Jeut mT wisps bas AD xa tie sonkgsatt 





ane ts 


+ « 


epbit s 2ew srods Pi spatds oii ot overs “orgie #90 


ter) Rekveq olf sot sAAAID SeauTIW ae. ns 


o fostte ns evsd thio a Lely rays eviion ‘ite oan. mi | 


-eagiq ted? asorms soattierD GOs 


-bivow ti svrand es spbit 
won su Jal .voy xnedt 9 7 ‘he : 


eel stud dincd deor? odd Yo noitaawp aids Js Aool nisps 


} 
' 


I 


5 
ud 


wor ,epnieaor revix To seednos ‘sty ni It os wool 


eiovia xrebnmw gna2 bol nesd Bad annebive ‘ont eveiied 


Jost ni ef sredy sors SBOorIsarted & Ak ezsvia spisl 10 


szoxlsuisg-nom 6 dtiw pailseb stew \teortsmasq on 
.nolstsutia 
.Bov ,t>e1m0> e' JsniT A ’ 
Haeeuneih svar ew BAA 8 

wolt $uveds viiupnl eidd orotsd sonsbive sit nt 
sovistt mfootsM sft 26 aievia dove to evistetresoazsdo 


wou .redw¥ edt to eqole ddibe of no ,Sigtexe 102 


g’T arotesyosib osodd So sloges BS a6 edt evsitad I 


.elamsxs xol ,etevix saodt ni tens patyse nt ot620996 


.eoy ,9ak eft ed bivow sadt enoiszeq: bahinad aisszs> 


ms ee 1 Atiw pailssh ,elqnsxes rot ,revin tea ni to 
Jripix pauissertt ef ¢2 nevto 1sdaiw al seds , siqnaxs. 
edd Juodpvords -- enoksroq nisaxad 38° -—) 4uodproiny 
.xevia tesa YO d3qeab slonw 


ni gads Amidst Sluow fF A : 


, foe? 20 fore eh eo A: wties as way 
bIuow jeromen auoy deovter o aiw ac OY | 
et doirw asisee 21097 anopperers bude 


| aa 
: re Sa eae 
npisssi [4qe eaihinnoatenal to notismxotal ¢ aa ae 

















ALLWEST REPORTING L-TD. 


2624 


BURNABY 2, B.C. 


1 























Clark,Hollingshead ,McRoberts 
Slusarchuk ,Morgenstern,Cooper 
Hardy ,Williams 
Cross-Exam by Anthony 
Volume 16, page 9, which suggests that in fact it 
does freeze at portions right through to the bottom. 
A ves. 
Q And perhaps we can take 
it as given until we get into the later panel, but 
I would put it to you that in fact,upstream from 


proposed crossings of the pipeline there are over- 


wintering areas for Arctic char and grayling and so 


Ore, 
A I'm not aware of any 
upstream over-wintering. | 
Q Downstream, sorry. | 
A I believe that has been 


suggested that there are over-wintering areas. 

Q Again I can refer you 
to some of your own consultants, McCart, 1974 and 97s. 

A ¥es. 

Q And also because of the | 
fact that there are these over-wintering areas, the 
suggestion is in those reports and perhaps we can just 
take it as given until you have a chance to refresh 
your memory, or examine these questions, that there 
is -- this is due to what we call sub-surface flow in 
the river, and so that I understand what I've just 
said, that because in the wintertime the ice freezes 
right down to the surface of the river, that this 
water which gets to these over-wintering areas, and 
supplies the fish anc so on, in fact percolates through 


the river bed. 
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Cross-Exam by Anthony 


MR. GENEST: I thought I 
understood my friend unt_il that last one. I don't 
know what he means by the water freezing to the surface 
of the river. 

MR. ANTHONY: To the surface 
of the bed of the river. 

MR. GENEST: Oh, sorry. Yes, 

I understand. 

MR. ANTHONY: Q Dr. Clark, 
you and I understand each other? 

WITNESS CLARK: Certainly. | 

Q It's wonderful to 
deal with technical experts. Now you put your 
pipe underneath that river. 

A Yes sir 

Q Andavyourcreate. the 
frost bulb, and I invite you to agree with me that 
it is possible that that frost bulb around the pipe 
and the ice on the river which comes right down to 
the surface of the river bed could meet or almost 


meet. 


A Yes, I stated that 





yesterday, sir. 


Q The result being the 





same ice dam problem for any sub-surface flow. 

A Yes, if they meet 
there's a possibility, but if there is any flow 
above the bed our studies indicate that even at 


very small flows that gap won't close off because 


of the pipe; but where they meet, you're quite 
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Clark,Hollingshead,McRoberts 
Slusarchuk ,Morgenstern,Cooper 
Hardy ,Williams 

Cross-Exam by Anthony 


correct, I did state that yesterday. 


Q So again we're stuck 
with the ice dam problem. 

A Yes sir. 

Q Blocking off any down- 


Stream flow to the fish and so on. Now besides that 
effect on drainage, which I don't want to reiterate 
again, there is the possibility of icing created 
in this situation also, isn't there? 

A That's what I used as 
an example, I think, in my earlier testimony, yes. | 

Q Thewater would build up | 
and come up to the surface, causing an icing on the 
river. 

A If no remedial measures 
were imparted to the pipe there. 

Q Now I think in your 
evidence when you dealt with this you discussed the 
question of a culvert. 

A As a possible solution. 
Again putting all the factors together, that is the 


over-wintering fish, the need for water, and the 





oxygen,there has to be a significant flow through 
there for all those circumstances to permit fish to 


Over-winter, and if theycount on flow through that 


aquifer or gravel bed, then there has to be a fairly 
significant flow through there to meet their 
requirements. That's my understanding of the situation. 


Q And the technique of 
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1 
2) the culvert would apply to both, any sub-surface flow 
3 | or below the riverbed flow as well as any minute flow 
4 Chater eesti | | dommg.—— 
5 A Nor san) Obs y) tom tne 
| below the riverbed. 
7| Q Now if we can believe 
8 your report, that there is no -- that it freezes at 
9 some points right down to the bottom, and there is | 
10 | only the sub-surface flow, how do you deal with that | 
a: | problem? | 
12 | A Taking the situation now | 
13 where we're frozen right down to the river bed, 
14 a bit 
maybe/into the river bed, and the unfrozen zone between 
15 the seasonal freezing and the pipe has now coupled, 
16 come together so that we have a barrier there, and 
au it would be a trumpet-shaped barrier, which I'm sure | 
18 you can visualize. Our proposal to solve that | 
19 problem would be to pick up water upstream of that | 
20 barrier below the bed, not above the bed, and to Carry | 
oo it below the bed through that coupled area and re- | 
22 deposit it at the other side. Te that clear, Sire | 
a Q Da tluLrike, 21 understand | 
Bc you. Would I be right in saying that you'd use the | 
° insulated pipe technique that we discussed when we | 
- were talking about going through a berm? | 
ey ve Yes sir, yes. | 
as OR; Let's talk a moment 
% then about this question of icings. Now when an icing | 
=a is created, as I understand, the real problem on it | 
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: Cross-Exam by Anthony 

: is that in the spring run-off it causes an ice jam, 

J or it in fact remains stationary while places which are 
A not subject to icings will melt. Is that one charac- 

: teristi ci ofoantiic ing? 

6 | A That sPecorrect . and “Le 

| it lasts -- some of these, of course, these occur 

" naturally and some of them last through the year and 

a the term DEES arn inea is aufies, A-U-F-I-E-S. 

- Q Now a sudden release 

a then of -- or an icing then could have the effect of | 
ic holding back or retarding the spring run-off. That's | 
a | a characteristic of that? | 
ee A The answer is -- well, 

fe Tile let. Dr. Cooper speak to this. 

a WITNESS COOPER: No, once 

17 youc@t spring run-off, of course coming into the 

| - ‘ 

a river channel itself, it would flood the icing and 
a in most cases would erode through that icing. In | 
a fact there are many illustrations or it's been 
oF observed in many cases of meandering channels cutting | 
ee their way down through significant icing deposits. | 
- For example, on the Canning River. | 
oi Q Well, so I understand | 
oe it, what happens is the ice sits there and when the ) 
eh water comes it will either go over it and around it 

ye Om A wid sgocunder. 
a Bs No, not under. Don't 

29 forget with an icing you've got solid ice from the | 
30 ice area interface right down and it's frozen right | 
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into the bed. 


Q Now if you had a minor 
flow under the ice, at any stage, would there not be 
-- would not the hydraulic pressure in fact force this 


going underneath the icing? 
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5 
A ET you have got 
2 
| a minor flow you can get, I believe, some tunneling, 
3 
but the question I think you have to ask at this 
4 


point in time is, where does the flow enter the system 
5 and 
and if your icing extends upstream/you do have a 











i significant flow entering,it is going to pass over 

: LOp or chine icing. LC» is Important to’. keep in mind 

: that the rivers where icing occurs are very steep. 
me They will have gradients approaching 1%, say a half | 
4 to 1% downstream gradient which is a fall of abott | 
e a, Loot ins a nundred, so it is “not that dairricult 
= for the flows to go over top of the icing and then 
= erode their way through. 
ic Q I guess the question 
boils down again into my simplistic terms as to whether 
| or not you can have the possibility of scour that 
e you described yesterday under an icing. 
a A The observations that | 
- I have been made aware of through various discussions 
a of icings and their phenomena in Alaska,indicates | 
- tiaedor Ya ‘natural icing, or for an icing that might | 
- be induced by the cold pipeline, that the only | 
sj potential for scour would be where you had a | 
ee channel coming over top of the icing and then dropping 
| into a hole and that level of scour would be rather | 
ea minor, it would be in the order of four or five feet, 
ie but these have been observed, yes. | 
a Q Maybe,so 2 can. tie 1t 
together in my mind, we have the situation where an | 

icing may exist as a result of the pipeline and now | 
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Slusarchuk, Morgenstern, Cooper 

Hardy, Williams 

Cross-Exam by Anthony 
what you have said is that it is possible that as a 
result of this icing, there is a possibility of scour 
if some other conditions exist, is that what you 
are saying? 

A Well, there is a possi- 
bility of some very localized scour but it would, not 
be extensive and it would certainly not get down to 
the level of scour that we are coming up with,with 
other considerations for the purposes of 
design of that pipeline. 

Q But if you hada 
very -- if the icing was located at just the right 
point so that as the water came over it came down and 
scoured righton top of the pipe, if you had a heavy 
enough flow, is it not possible that scouring could 
occur where. . the pipe is? 

A The type of scour that 
I am talking about is of the nature that TeOjuse 
could not get that deep, because onee that flow 
drops down, then it has got to go somewhere. It is 
not going to go down, it has got to dissipate further 


downstream, okay, and to do that it has got to have, 


if you like, a water level within that very isolated. 


hole that is sufficiant for the water to continue on 
downstream. 

Now, with that water level, 
you get essentially energy dissipation which -- it 
limits the depth of that very localized scour hole. 

WITNESS CLARK: 


A Perhaps you could 
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Slusarchuk, Morgenstern, Cooper 
Hardy, Williams 
Cross- Exam by Anthony 
maybe clear a point, Mr. Anthony, so that I understand 
it. We are dealing with the situation where we have 
frozen the gravel and caused an icing and now you are 
asking us if that frozen gravel will scour preferentially, 
the frozen gravel that caused the icing? 

Q We went, fLixst of 
all for the purposes of establishing the fact that an 
icing is possible and the question I directed to 
Dr. Cooper was, if the icing was located ina particular 
spot, would there be a possibility of scour where the | 
pipeline is located and I think that.s"== 

A The gravel is frozen 
there as well which would even make it more resistant. 

Q Well, let's consider 
then the phenomenon in another context and that is 
the context of an ice jam and I understand from the 
evidence that was given, I believe by Dr. Hollingshead 
who discussed ice jams or flows, that in fact they 
can be created at almost any location, is that 
accurate? 

WITNESS COOPER: 

A Are you still asking 
this in reference to a river type like the Malcom? | 


Q Well, perhaps we could | 





deal with it more generally, because I do not want 
to have to go through the same thing with various eee 
Perhaps you could tell me whether in fact it is possi- | 
ble to have icings in almost any location in rivers 

such as the Mackenzie, the Peel and -- | 


A Fine, I think I had better 
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Slusarchuk, Morgenstern, Cooper 

Hardy, Williams 

Cross-Exam by Anthony 
clear up any miscon -- or confusion that might exist 
with regard to normal river ice processes and what 
we refer to as icings, because they are two quite 
separate phenomena. Now, in the Mackenzie 
River, the processes that occur are admittedly quite 
severe, however, they are normal river ice 
processes. When the river ice forms, ua forms 
a cover and thre is still a significant flow under- 
neath. In the case of the Mackenzie River, even in 
mid-winter it would be over 100,000 cubic feet 
per second. 

On the other hand, in the 


case of the north slope rivers which are braided, 


we get virtually zero flow above the river bed 


during winter and when winter comes on there is almost 


negligible open channel flow, if you like. We get 
a freezing of the bed, if you like, and we get water 
being forced up onto the surface where it,freezes 
and that is how an icing develops. 

The ice jam concept that 
we talked about yesterday, can occur only in the 
type of river where you have the normal icecover and 
you have a flow of water underneath it and a signifi- 
cant flow of water. So we feel that the ice jamming 
problem is of concern only on the very large and 
essentially singe channel rivers such as the 
Mackenzie, it would be a consideration on the 
Liard River, it would be a consideration on the 
Peel River and on possibly rivers like the Willow 


lake and the Great Bear. 
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Slusarchuk, Morgenstern, Cooper 

Hardy, Williams 

Cross-Exam by Anthony 

Q Giving the situation then | 

where an ice jam is possible -- and I will deal with an 
ice jam, and I thank you for making the distinction 
clear, I gather that in those rivers, for example, 
the Great Bear and so on, it would be possible for 
an ice jam to be created, for example, right above 
a pipeline crossing? 


A Yes, this is a possibi- 


Laty* 


Q Now, what I am trying to 
perhaps understand is we have a situation now where | 
you have got an ice jam above the pipelineand you | 
described yesterday the force of the water going 
underneath causing scour. At the same time you have 
the frost bulb on the pipe around the pipe in the -- 
below the river bed. 

Now, you gave us calculations 
and formulas and reports yesterday with respect to 
the likelihood of that scour affecting the pipeline, 
and I was wondering, I guess, whether you included 


the possibility of the element of a frozen pipeline 





in your calculations and whether that in any way 
affects your predictions? 

A No, f*"did not in my 
discussion yesterday. I can however, comment on what 
the effects would be. If we were to bury a pipe 
up witnin-the*-— at~a~level such that the scour 
would develop to below that pipe -- we are not going 
to do this, but let's paint the picture where we would 


and scour then develops down and around the pipe. 
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2. Bel. Clark, Hollingshead, McRoberts 
Slusarchuk, Morgenstern, Cooper 
Hardy, Williams 
Cross-Exam by Anthony 
What the pipe does is it acts as a barrier to the 
development of the scour. We get a ramp of sediment -- 
now I am going to go from upstream of the pipe and 
through the scour hole and we get a ramp of sediment 
that has quite a general slope, going up to the 
top of the pipe. We then get another ramp of sediment 
downstream within that scour hole. The only way you 
can get loss of support material underneath the pipe 
is if your normal depth of scour would be deep enough 
that you would get it essentially piping failure or 
loss of the current passing underneath the pipe and 
washing out the support* material. 

Now, we have several years 
ago been involved in some model studies As eae 
hydraulic model studies -- that indicate that that 
scour hole would have to develop to the level of the 
bottom of the pipe or somewhat below that before we 
would get that washout. So in answer to your specific 
question, the effect of a frost bulb around the pipe | 
is going to make it a safer situation because effec- | 
tively we have a larger diameter pipe. So the frost 
bulb in the even of scour, providing it stays frozen, 
and as I indicated earlier, the water may actually 
decrease the size of this frost bulb; providing it 
stays frozen, it is actually an extra margin of 
safety against scour -- one that we are not taking 
account of in our design. 

O- Assuming then that 


after a few years of operation you have a four-foot 


pipe and a two-foot frost bulb situation, what 
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Slusarchuk, Morgenstern, Cooper 

Hardy, Williams 

Cross-Exam by Anthony 
you are saying is that unless the scour hole is more 
than whatever distance it is to the river bank, plus 
that ten feet, it would not affect the pipe? 

A No, from the point of 
view of the flow that is causing the scour, it would 
look at that situation as if it was looking at a 
six-foot pipe rather than a four-foot pipe, 

Q But a scour hole more 

hole 

than say a scour’of twelve feet, for example, or fif- 


teen feet, if it was to be created, would then get 


into that sort of problem that you described? 





A Well, yes, of course, 
if the scour hole was to develop to well below that 
frost bulb, but of course we are taking this into 
account in our design’. As I said when I painted that 
example,that we would place the pipe up within the 
scour hole. We are definitely not going to do this 
in our design’. 

THE COMMISSIONER: Dr. 
Cooper, are you saying that where you have the 


pipe buried beneath the river bed and a frost bulb 





develops around the pipe, that you do not have to 

worry about scour, owing to velocity of the river and 
the force of: the flow being diverted by an ice jam: 
because the frost bulb cannot be diminished by | 


the scour? 
| 


A No, I did not say that. 





I said that the effect of the frost bulb pipe config- 
uration,should it be up within the scour hole, which 


is a situation that we are not doing in design, but 
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Slusarchuk, Morgenstern, Cooper 

Hardy, Williams 

CRoss-Exam by Anthony 

should it be up there because I was responding to a 
a 

question of what is that effect,/is to hold the bed 

at that location. The bed would scour upstream and 

downstream to a lower level. But the frost bulb 


itself is a feature that would maintain that bed 


at that location. 
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: Cross-Exam by Anthony 

2 THE COMMISSIONER: Well, are 

A you saying that the force of the water scouring the 

, river bed would not cause any change in the condition 

5 of the frost bulb? 

6 | WITNESS COOPER: No, I'm not 

a | saying that. The water itself may hae an effect when 

8 | it got onto the frost. bulb” of” actuailly melting the frost 
9 bulb and decreasing its size from the top. | 
10 Q And exposing the pipe? | 
ll A Should these conditions | 
ie) go on long enough, and again if we were up with the | 
13 pipe, which we don't want to be, and I want to empha- | 
14 size that, yes, you could expose the top of the pipe. 
15 MR. ANTHONY: If I may just 
16 look a moment at the question of water crossings, 
17 | dealing with a particular example that was touched 
18 on in your evidence with respect to Shallow Bay, and 
19 we may have to have the same problem of waiting for 
20 material to get into any great depth, but I would 
oa. like to deal with a few questions while I have this 
Ode, panel before us and in view of the fact that Poe Ss. tas) 
52 some of the information I'm relying on is part of the! 
24 reports that your panel are relying or referring to, | 
25 | I say that by way of preliminarycomment so that we : 
26 don't defer any shuffling to another panel. Looking 
oy at the question of Shallow Bay, I understand that | 
28 from the evidence that was adduced yesterday that in 
pa) fact there were some test profiles done of the cross- 
30 ing,of the proposed crossing on the cross-delta route. 

= | 
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I believe that in fact there were some soil samples 
done, I think Dr. Cooper or Dr. Hollingshead referred 
to this yesterday. I was wondering whether in any of 
the core sampling done in the Shallow Bay crossing | 
whether you encountered permafrost under the crossing 
you propose to use. 

WITNESS CLARK: There 
wasn't, to make it clear, and I don't want to quibble, 


we didn't actually take cores in Shallow Bay, mainly | 
| 
time didn't require it. It's quite a different techniqué 


| 
| 
| 


because of the type of information we wanted*that 


to "get -a-core than “to ‘drill “a hole and look “at*the 
cuttings, so we drilled holes there in Shallow Bay, 
yes, and as I recall, there was within the depth Ena | 
we drilled, no permafrost encountered, in the water 
area. 

Q I understand, though, 
that the soil or the situation of the soil under 


Shallow Bay would be defined as fine-grained soil, 





ft] enac 
A Yes, it's a sandy | 
silt and a silty sand. | 
Q Po*vyeu* call thatta | 
frost-susceptible soil? | 
A It's -- yes, it would | 


| 
be called a frost susceptible soil but we're comforted) 


| 


by two facts, (1) it has a very low shut- off pressure 
or at least normally has a very low shut-off pressure, 


(2) and the other is that it's a very recent deposit 
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and it's not consolidated. 
5 Q Given this frost-suscep- 
| tible soil then, I would assume that you can't shee 
u a berm under Shallow Bay. Could you tell me what | 
: techniques are used for example to prevent frost eer te 
Ef iM cnat- situation: | 
: A Well, the potential for 
¥ frost heave and magnitude hasn't yet been assessed. | 
io This is a part of our future program. Our preliminary | 
o assessment is that it won't be too significant, and | 
+ Dr. Slusarchuk touched on some of the reasons why in | 
- his presentation. As I mentioned, it's not consolidated 
- so that where ice lenses form, they consolidate the 
e soil rather than heave the pipe. In other words, they 
fe | take the direction of least resistance and the least 
e resistance is to consolidate the soil rather than to 
a heave the pipe. | 
+ Q When you talk about | 
» consolidating the soil, I assume that's what we've | 
a been talking about by way of surcharging, is that -- | 
ss A Nor S17,%.n0. | 
23 Q How do you -- perhaps | 
24 then we can just deal more generally. Can you tell | 
25 me then how do yau deal with the problem of, we now 
26 have non-permafrost soil, as you have indicated, 
27 how do you deal with that problem of potential frost 
2g heave under a body of Water like Shallow Bay? | 
29 A Well, it would vary from. 


; : 
body of water -- you see, it would be different in 
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rivers than in Shallow Bay. In Shallow Bay the design 
that we have proposed for preliminary work that has 
been done, we propose to bury the pipe crossing there 
at at a depth of 10-20 feet below the ice, or ten 
feet below the bed of Shallow Bay, whichever is grea- 
ter. This would be dredged out. We then propose to 
blanket a certain area there with gravel. Now that 
has been a tentative proposal in order that it could 


be built into the cost estimate, should it be 


required. We won't really know whether that would be 


needed or not until a later stage in design. But if | 
a frost heave problem is developing under a river, | 
or a potential exists under a river, we have some of 
the alternatives available to us, one of which is 

not surcharging. We wouldn't use that technique 

under rivers. We would initially bury it at such a 
depth ,that if the profile permitted, it would go | 
into a material that wouldn't frost heave, or at such , 
a depth that the overburden pressure would inhibit 
frost heave by the surcharge method. You see, as 
the frost bulb grows, it is building in its own 
surcharge. There are other measures available I coula| 


expand on as well. | 


Q Wellj:l think perhaps 


of : ‘ | 
once we have more particular information about exactly'| 





what studies you've done and what you propose to do, 
as this material on cross-delta is made available to | 

| 
us we can more intelligently go perhaps a little 


deeper into some of these techniques. 


| 
| 
A Yes, and I assure you, 
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sir, we will be addressing these problems in the 


materials. 
Q The other question is that 


| 
| 


in response from questions from Mr. Hollingsworth 


yesterday morning, I believe Dr. Cooper said that 





there was no evidence of bed scour in Shallow Bay. 

Now I understand that on the basis of the route that 
there are other -- they are crossing other deeper 
channels in the cross-delta route. Could you tell me 
if there is any evidence of bed scour in these 
channels? 

WITNESS HOLLINGSHEAD: There 
are scour holes in some of the other channels. 

Q And these would be in 
the general area of your proposed crossing of these 
channels? 

A How general? 


Q Well, you tell me where 








they are in relation to your crossing and I'll then-* 


perhaps we can make our own conclusion. | 
A Several thousands of | 
feet. | 
Q Is that depth or | 





distance away from the pipe? 
A I was thinking of 
horizontal distance, sir. 


Q- Well, take a moment 





then to look at the question of the crossings of 





| 
water in the context of the dual crossing approach | 
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and I am prepared to hear your comments with respect 
to the cross-delta route and the crossings of the 
Mackenzie that are proposed to be on the dual crossing. 
I understood and I was trying to get the exact reference 
of it, but I understand the evidence, both on this 
panel and Panel 1 with respect to the dual crossings 
is that it's not because of a geo-technical imprative 
but as a protectorate insurance in the event of any | 
problems developing inthe line. 

WITNESS CLARK: | 

A Thats Lignt, olt. 

Q Now, I'd like to perhaps | 
give you a quote and get your comments on exactly Hite 
this means because I'm a bit confused. We have the 
Situation where there doesn't appear to be any geo- 
technical reason, at least that's the evidence for 
a dual crossing, but we're going to go through that 
expense and cost,and I refer you to a report which is 
not listed as part of this panel but which is part 
of the list of documents provided by Arctic Gas. | 
This is the rophre tor" river breakup and ice study, | 
Mackenzie, Liard and Peel Rivers, a report by | 
Northern Engineering Services Company Limited, | 
actually by T. Blench & Associates, and it's No. 63 


on your document list, Mr. Genest. The first part of 


it is unnumbered but I will read, if I may, the 





paragraph that I am concerned with. LT might say, Mr- 
Commissioner, that this report was, I understand was 
in fact done by Dr. Cooper. 


WITNESS COOPER: I assisted, 
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- 
] particularly in the review stages and in co-ordinating 
3 the whole study, yes. 
; Q Right Ok waWell of 
p think as I note here, it's under,the opening is under 
4 the letterhead of T. Blench & Associates to Dr. Clark 
| from yourselves, so you perhaps can amplify your 
: involvement in it; but I refer you to the synopsis, 
‘ the second paragraph which states: 
A "The mapr unresolved problem is the prediction 
et of bed scour that can result from the develop- 
aa ment and rapid release of a major ice jam. 
- Reliable prediction of scour in such an 
mn event is critical to the safe design of the 
"es proposed crossing of the Mackenzie River 
me upstream from Point Separation. To solve this 
a problem preliminary work has been carried out 
on developing a mathematical model of the 
ie phenomena and on examining the feasibility of 
S operating the physical laboratory model. If 
ay reliable predictions of the magnitude of bed 
2 scour associated with severe ice jamming 
a5 events cannot be developed in time for final 
a design, an alternative solution is to design 
a and construction dual crossings at locations 
a where severe ice jam related scour might occur." 
27 Now, the question may be obvious and also is simple, 
to5 I gather that what you are saying there is that at 
29 this stage an accurate eredterion of bed scour pro- 
30 blems,in the context you've outlined there,is not 
available. 
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A At the stage when that 
report was prepared, the program of analyzing and 
studying and devebping the solutions was at an earlier) 
stage than it is now. Since the time that report 
was prepared, we have carried it to a much further 
stage and now have come up with conservative estimates 
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Clark, Hollingshead,McRoberts 
Slusarchuk ,Morgenstern, Cooper 
Hardy ,Williams 
Cross-Exam by Anthony 
Q Now this report was 
done July of '74. You had no experience with spring 
run-off with respect to either of these rivers. Would 
you tell me what additional data aboutwilow, 2ce 
jam occurrence or anything else that would be relevant 
in this prediction has come to your attention since 
this report was prepared? 

A The additional informa- 
tion consists of the results of the analytical study | 
ahd the study I'm referring to is an on-going ae ee 


just a very preliminary information on that study is 


contained in that report that you Mave. 


Q Now the report strikes 
me as saying that -- and I agree with the report, 
first of all -- that bed scour is unpredictable at the 


level of knowledge we have, but you can bail sout by, 
going with a dual crossing. I understand then that 
since that time,the additional analytical information | 
you have is sufficent for you to sort of separate | 
yourself from that conclusion. 

A LE asaid) ely believesthe 
way I would have interpreted that statement would 
be ,that if the results of the ardyticl study,to which 
Mieke 11) referring, would have been less certain, when 
they were developed,then yes, that would have been 
a solution that would have had to be considered. 

Q When was the dual cross-| 
ing proposal put forward ae Arctic: Gas? 


WITNESS HOLLINGSHEAD: the time 


was about July last year. 
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Slusarchuk ,Morgenstern,Cooper 

Hardy ,Williams 

Cross-Exam by Anthony 

Q So the dual crossing 
proposal in part, besides the insurance that we've 
discussed, would correspond with this report's recommen- 
dation that you can't predict it, therefore go for 
dual crossings. 

A The iquestion of dualling 
the major crossings seems not to have come over,the 
reason for dualling seems not to have come over very 
edearlye) (The sprobabriitysof tilosingna‘crossing®is 
very remote. I don't think anyone can put a figure 
on it, but it's my view that it is no greater really 
than let's say the probability of a break over land. 
The difference between the two situations is that for 


an overland break, if yau like, you can get at the 


break and put the line back into service fairly 


quidly, in a matter of days, let's say. On the other 


hand; if you had that break occur °at’a major “Grossing 
such as the Mackenzie, at the worst time of year, i.e. | 
just before or during breakup, you would not be able 
to getfat it and repair itilforta very fsignitficant 
period of time. That is instead of being out of 
service for a few days you would be out of service 


for probably several weeks, or possibly a few months. | 





Therefore in terms of the lost revenue, if yau like, or 
the lost gas, the idea of using a second crossing | 
is indeed cheap insurance. What you are doing is | 
comparing let's say a $10 million crossing with a 


potential loss of three or $4 million per day by virtue 


of the lost gas. 


| 
| 
| 
| 
| 
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Clark ,Hollingshead,McRoberts 
Slusarchuk,Morgenstern ,Cooper 
Hardy ,Williams 

Cross-Exam by Anthony 








Q Dr. Hollingshead, I think 
that rationale for the crossing -- the dual crossing, 
has been made quite clear, the economic considerations. 
What I am ‘suggesting, though, and what I'm enqu iring 
is how you can say to us that the probability of one 
of the pipes going out is remote,when your own con- 
sultants, one of them is here, says it’s a major un- 
resolved problem, is the prediction of bed scour, 
and if reliable predictions, the magnitude of bed 
scour associated with severe ice jamming events cannot | 


| 


be developed we have to go to dual crossings. Now | 
they say a reliable prediction is impossible at this 
stage. Now I've asked what has happened, what has 
happened since this report that makes you now say 
the possibility is remote,when in this report it says 
that it's impossible to make a reliable prediction? 
A iechnougnt, thacepE. 
Cooper had spoken on and cleared that up yesterday, 
but perhaps he'd like to repeat it. | 
WITNESS COOPER: Well, again 
and I think I attempzed to answer this question a 
few moments ago. At that point in time, reliable 
predictions had not been made. Now the development 
of the analytical model to make these predictions has 
been under way for one to two years. At this point in 
time the solutions had not come out of that model at 
the time of writing of that report, and I think it 
very clearly states, that ia ee those solutions were 
developed and work was being done to develop them, 


then an alternative design concept would have to be 
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Cross-Exam by Anthony 














1 
2| considered. So the if portion of the statement in 
that report in my opinion has now been taken out. 
3 
THE COMMISSIONER: What was 
4 
the date of Dr. Blench's report? 
5 
| MR. ANTHONY: It was prepared as 
6 | 
| 
| or November '74, but the date on the cover says 
7 | 
July '74. 
8 | 
Q Has Dr. Blench collabora- 
9 
ted in the development of the analytial models that | 
10 | 
a now you say Dr. Cooper would lead us to believe the | 
i passage that has been read from his report ought to | 
be deleted? | 
13 WITNESS COOPER: 
a A Mr. Commissioner, that 
fe report was prepared by myself and Mr. Nuttall and 
om a Dr. Mercer, with T. Blench & Associates. 
oy Q That report was completed 
when? | 
18 | 
| 
= A It was completed at | 
ae some point in time in the summer, I believe, of 1974. 
a The writing, at a point in time about July, signifi- 
0 cant changes weren't made to it, no. | 
| 
“= Q You say you and you 
od colleagues wrote that report last July? 
m | 
A Yes sir. | 
25 
A, Q Finished writing it. 
27 A We finished a draft 
| 
28 of it which went to N.E.S. for review, etc. The 
29 final printing may not have been done until some 


30 point later)’ I'm°not™ sure of the date. | 
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Slusarchuk ,Morgenstern,Cooper | 
Hardy ,Williams | 
Cross-Exam by Anthony 


| 
Q Are you telling me that 
Since the time that you wrote that you changed your 
mind about the passage Mr. Anthony read to you? 


A Yes, we've changed our 


mind and taken that "if" passage out because the 
work now has been carried out to a stage to enable 


reliable predictions, although conservative ones, to 


be made. 
Q When did you reach the | 
conclusion that that passage might be deleted? | 


A Approximately a month | 
ago is when we completed that work. | 
MR. ANTHONY: QO I understand from the 
material that has been filed here that Fort Simpson 
amendment still proposes a dual crossing. | 
A Thatws, right ,.Siry 
Q So I gather that the 


reason for it then is solely to deal with the insurance 


question that we've discussed here? 





A That ssright pasir. 
Q One further question 
with respect to river crossings. Dr. Hollingshead, 


I asked you before the session if you would mind 
reprojecting the slide you presented yesterday, showing 
the crossing of the Willow Lake River. While you're 
doing that I can say this is on we were in the 
middle of the stream looking at the bank. 

WITNESS HOLLINGHEAD: Yes hae) 
we're still in the middle of the stream. 


Q Mr. Williams, I wonder 
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Clark,Hollingshead ,McRoberts | 
Slusarchuk ,Morgenstern,Cooper | 
Hardy,Williams | 
Cross-Exam by Anthony 
it you GOULd put a Light, so ft could find out what I"m 
asking? I wonder if you would mind elaborating on 
that slide by explaining to me, because the figuring 
is very difficult to read, the amount of excavation 
and the amount of material that were taken out in 
that river crossing, and also what material is going 
back in? 

A Well, I haven't actually 
Calculated volumes, but perhaps it will help to give | 
you some of the figures which you probably can't read. | 
The crossing, as I recall, is about seven or 800 feet | 
across. The depth of burial here in mid-channel is 
probably of the order of 10 feet above the pipe. This 


Gepth trom the bottom of the pipe eo the bottom of the} 
Grech eouthe top of ithe bank —-— 
MR. GENEST: Q is that through the sag | 
point? 
A —-sphiatos chrougn sone 
Sag, point, sorry, this is a cross-section or profile 
of the right bank, shows the pipe, the solid white 
line coming beneath the channel and up the bank and | 
that depth is something like 40 feet, 45 feet possibly | 
to the bottom of the pipe. | 
Q That's at the sag bend 


again? 





A At the sag point, yes. 
This distance between the sag bend and the over-bend | 
is of the order of 100 feet or so, less than 100 feet, 


I guess; in the lower sketch, and I might add that 
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Slusarchuk,Morgenstern,Cooper 

Hardy ,Williams 

Cross-Exam by Anthony 
first of all this is a portion of the route that's been 
re-located so I suppose you might say it's a crossing 
that's been abandoned. In the second instance it's 
really a very preliminary cut at the thing and in that 
sense is simply a schematic, but this lower portion of 


the drawing shows the section through that sag point, 


Station 29 plus 40. 
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hi 

, What it shows is a pipe at 

3 the bottom of a ditch which is in the order of 20 feet 

4 deep,leaving about a 20 foot depth here and we indicate, 

5 what we are attempting to illustrate is that that would | 
6 not be left open, but that it must be back filled | 

7 to some depth. It would be filled in. We are 

3 looking at a width of cut here in the order 

9 of 40 feet. This lower portion, the ditch and the | 
101 lower portion of this cut is backfilled with native | 
il material and to minimize or prevent the erosion, | 
12 downslope erosion of the finished surface, which is | 
13 some 30, 40, 50 feet long here, that is blanketed with | 
~ a select granular material. 
rs | Q While you are there then, 
16 : perhaps, what I am wondering is that we have, looking 
a at the bottom diagram, an area of approximately 20 
18 feet high and 40 feet wide being excavated. Now, could 
19 you tell me how far back from the river that excavation | 
20 is to go? 
21 A From low water level? 
22 We are looking at something in the order of 50 feet. | 
23 Q So that you end up,at anne 
24 staye, and I do not want to get into the construction ! 
25 timing of it particularly, but you end up with a 40 
wa by 20 excavation going back about 50 feet. | 
27 A Something of that order. | 
28 Q Thank you. Perhaps : 
29 we could take that -- have that available, just in | 
30 case we want to refer to it, but I would like to have | 

7 | 
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Slusarchuk, Morgenstern, Cooper 
Hardy, Williams 
Cross-Exam by Anthony 
the lights so that I could look at another part of 
the problem. That could be shut off. 

Now, you have described that 
crossing technique there and I would like to refer you | 
for a moment so that we could just get another idea | 
of 1t,to the “responses to the Pipeline Application 
Assessment Group and -- which is exhibit .70 here, 
and to the question 37, the fold out map which is the 
last map in that response. | 
Pek Can refer you, to that last 
map on response 37,to the schematic diagram -- the | 
upper one on the right-hand side,entitled, "Left Bank | 
Prormrie™. 

MR. MARSHALL: Could you 
Givera copy Ofsit to Dr.~Clark? 

THE COMMISSIONER: What map 
is that? 

MR. ANTHONY: ZI think it is 
called section Ml, but it is the last fotd out map 
in the response to question 37. | 


MR. GENEST: We have only 


got one map. 





MR. ANTHONY: WE11, that is | 





tight, ot 1s atter page 37-4. ~ Te isthe schematic 
Gtathe Firth River crossing: | 
A Yes, sir. | 
Q And I am referring in 
particular to the schematic on the lower half of the 
page, the upper right-hand corner, entitled, "Left | 


Bank Profile." 
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- Without getting into too compli- 

2 cated detail, I wonder if you could interpret that for 

3 me by indicating the amount of cutback into the | 

4 bank that is going to be required there. The depth 

: in the same way that you described in the Willow 

| River crossing and how far back into the bank from 

7 the river at below water level. 

8 | A Well, to ‘the ‘extent 

°| to the point where it comes up to the normal burial | 
10 depth it isapproximately 200 feet. | 
11 Q Now, I wnderstand that | 
12 | from your evidence that you propose to excavate these 
13] considerable depths -- and I recognize that it is my 
14 interpretation of it, and then put in native back 

15 fill, which I gather is the material that you have 

16 | taken out in the excavation -- 
17 | Kel Wihatoisorcight, | 
18 Sits | 
19 Q And then put in select 
20 backfill which I would -- is that gravel and so on? | 
21 A Probably gravel, yes, sir} 
22 Q And that gravel, would that 
a3 be obtained from the area? | 
24 A Yes, sir. | 
22 | Q The river bed? | 
26 A Possibly the active ! 
zi floodplain, but not likely from the river bed itself. | 
28 Q ~ What do you do with a 
a2 backfill that is displaced as a result of this | 

SLE excavation? | 
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A The -- I am sorry, which 


Q The native backfill 
that is displaced as a result of the pipe and the 
replacing it with select backrili. Surface spoil 
I think is the word you used. 

A tT think chat 2) prerer 
to let Mr. Williams speak to that. If he is 
prepared to. 

WITNESS WILLIAMS: 

A That material would 
have to be disposed of in a suitable area that was 
considered and suitable. In some instances it would 
go back to a borrow pit. In thia case when the 
ow pit -- the borrow pit was ier eck im 
the active channel, that would obviously not be 
acceptable. If the material was not gravel, but a 
disposal site, an acceptable disposal site would be 
selected for this material. 

Q I notice in that Willow 
Lake River crossing, there did not appear to be any 
technique design or any example of disposal site or 
retaining dike or anything to keep the material from 
flowing into the river. Does that not form part of 
the design of the river crossing? 

WITNESS HOLLINGSHEAD: 

A To keep which material 
from flowing into the river? 


Q Let us put it, this way. 





Assuming that if you dug out the native backfill which 
| 


| 
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Slusarchuk, MOrgenstern, Cooper 
Hardy, Williams 

Cross-Exam by Anthony 

proved to be ice-rich soils and Mr. Williams said well, 
you dispose of it. I was wondering if there is anything 
in the design of the river crossing that would incorpor- 
ate this method? 

A I would suspect that that 
material, any waste material wouldl he placed well back 4 
up on the floodplain, but, no, we have not selected 
waste disposal areas as part of the river crossing design. 
to this point. 

Q Besides the question of | 
finding a suitable dumping area for it, would you not, | 
as part of the river crossing design, also incorporate | 
things like retaining dikes to keep any material from 
flowing back in? Or is that not a problem that will 
arise? 

A Not necessarily. 

Q Well, then perhaps, 
i€ we can deal with this in a general way, and you 
can help my beleaguered now and somewhat troubled | 
mind. We have had evidence in both this panel in 
which you have said now about the complexity and vari- | 
ety of terrain and the complexity and variety of | 
river crossings that you were to encounter and the 

geotechnical answer, if I can put it that way, that you | 
have given us, is rather monolithic in the sense that | 
it is a chilled pipeline and it is buried thoughout. | 

Could you tell me whether -- 
what studies were done in areas of discontinuous 

with 
permafrost,/the idea of having an unchilled pipeline? 


WITNESS CLARK: 
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A We have an unchilled 
pipeline in the area of discontinuous permafrost at 
the southern end. 

Q And I am wondering 
whether you in your consulting role to Arctic Gas were 
given the task of evaluating, considering, and 
giving an opinion about the idea of an unchillec 
pipeline, rather than a chilled one that is being 
proposed. 

A We currently have a 
program that is going on right now that is dealing 
with that problem where our line issunchilled.. 1 
am not sure that I am answering your question. 

QNo, I am wondering whether 
in the portions that you have indicated in yout 
application is going to be chilled -- whether you 
ane Vookings ate) that, —- 


A I see, if we had looked 


at that in the context of it being unchidledssr 


Q Cormrectr=— 

A No, we have not,sir. | 
| 

Q Are you presently “under- 


taking studies relating to the guestion of using 


an unchilled pipeline rather than a chilled in 


areas that it is now proposed to go through as a chilled 
| 


pipeline? 
A No, we are not, sir. 
Q Now, we have just 
now looked at the Willow Lake River crossing ard 


the Firth River crossing and what I described as some 


i 
| 
| 


| 
| 





| 
















| aerate ms < bos Q 
ie aed idol 03 eiox pitsivenos "Woy ni voy 


brs \parrebkenoe ceabtauteve. to ae ‘dd 


Selfidens as Fo gobi ody dyods 0 mk 


pnisd ak tedt ano ‘betliae a 8 rr sae sala 
a ea 








& ovad dine eW A | 
poilssb ak gst won diptx no oakop el Sadie miceposie) 
1 .belfidon# at enti xu0 de torts dw 
-nobgaoup Woy onivoweie ( E aes ome 08 a 
+orltedw pniaabaow ms I , ov | 
twoy mi bessoibat evad voy sada enoisrog so ad ; 
OY sels -~ beilids ed of patop ek notasotiqgs 
; | ~- sai 38 paisoot 638 
RN ey ie bn 


) -- ae palied $i 26 _ at ‘att In . 


-- PITTA 9 


ia “Ss ae (v:7en 
ake, dort ‘gvsd ow ,o A " 


Lvebuir’ visions cb WA 


“en a 7 is 


Cw ie 


Ae 


= oe Aap hae 


ALLWEST REPORTING L-TD. 2659 


BRM AE IPP eE- Clark, Hollingshead, McRoberts 
Slusarchuk, Morgenstern, Cooper 














owners, they have a great reluctance these days to 


Hardy, Williams 
Cross-Exam by Anthony 
; rather substantial cuts into the side of the river | 
; to accomplish this burial. Could you tell me if | 
; as part of your consultative role to Arctic Gas, you 
| 
: examined and studied the possibility of crossing these | 
: rivers above ground by either suspension bridge or 
| any other above ground method? | 
: WITNESS HOLLINGSHEAD: | 
: A We have not studied | 
; that within N.E.S. directly. There has been a 
sf very preliminary study, if you like,of overhead 
¥ crossings made, yes. 
Pa WITNESS HARDY: 
15 
A I could perhaps add to 
ef that, sir, that it does come within my general 
. function with N.E.S. to at least make suggestions of | 
| 
fg this kind and in my own personal experience,starting | 
4 with Trans-Mountain Pipeline and then specifically | 
ie of more concern is Westcoast,where they do have a 
ad series of overhead crossinga and we were concerned 
me with the design of those, in fact, we were part of a 
a consortium that took on the actual structunal 
EF design of the bridge structures in several of them. 
a Well, I know the general 
“S economics of overhead crossings and I know the 
‘i feeling of the pipeliners, the pipeline operators 
ts towards overhead crossings of the type that you have 
4 at Flood, you have at Quesnel, you have at Shelley on | 
ii the Westcoast Transmission line, and I know the 
- pipeliners, the operating pipeliners and generally 
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r accept an overhead crossing as a viable alternative 

to a submarine crossingand on Westcoast, for example, 

; where they are loop ing their lines, you see, they 

‘ are going to submarine crossings or the type that 

: we are talking about here, at the very crossings 

°| that were originally considered to be economic, more 

qi economic for an overhead crossing. 

21 On the Westcoast system 

7 there were shorter overhead crossings put in that were | 
mp not considered to be most economic at that time, | 
ay | they were put in to get some experience with overhead | 
‘— crossings. The experience with overhead crossings | 
a is controversial, I will admit, but in my dealings 

= with the operating pipelines, they do not like them, 
we there has to be a major advantage before they will 
go to them. There are a number of reasons for 
4 that. But if I had thought that thee were any | 
Y of these major crossings and I have looked, | 
at you see at all of these major rivers that we have | 
ss been talking about, that there is any place where there| 
Re is a major advantage is going to the overhead | 
ee crossing, it would have come within my function to 

? recommend it and I have never run into that case | 
24 
yet. 

2S 

26 

27 | 
28 

20 | 
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Q You stated that you 
were quite familiar with the economics of overhead 
crossings, and you want to have a major advantage hart 
would result in your recommending a,change to the 
Pipeline. 

WITNESS HARDY: I don't want 
to have a major advantage, I am just simply saying 


that I want to sell the proposition to the owners. 


Q Do you mean major econom 
ic advantage? | 
There has to be | 

A /Some major advantage. 

Now it usually is economic; in this situation here if | 
we were greatly concerned about the difficulties Pra 
pointing out of getting this excavation up the slope | 
that was projected here a few minutes ago, that might : 
be sufficent reason, you see. But no, the Sess | 
the construction people have not considered that to | 
be the case. | 


Q Now you haven't -- who 


do you mean by "the pipeliners" when we're dealing | 
with this application? | 

A Wegil-first of adi ‘the 
people concerned with making recommendations on | 


construction within N.E.S. , and my responsibility 





comes within the N.E.S. organization, and then the 
people directly representing the potential owners, 
that's the CAGSL people. 

ou I am still somewhat at 


a loss, if I look at the Willow River or Willow Lake 





River and the Firth River, I see a fantastic excavation 


teas” 
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taking place. Now surdy this was brought to the atten-_ 
tion of the pipeliners, and my problem is I regard | 
you as pipeliners too, so perhaps you could define her! 
assist me in that a dittle bit. But surely that | 
would seem to be a situation where you would want to | 
consider there is a major advantage, for example, and | 
consider the idea of an overhaad crossing. 

WITNESS CIJARK: There's | 
no impediment to the crossing there as planned. 
The fantastic excavation was I think your term, sir. 

WITNESS HOLLINGSHEAD: I would 
suggest it's nothing like a fantastic excavation. 

Q Well, I guess those 
who build Panama Canals probably don't, but I'm 


| 


wondering in terms of the en vironmental situation 
that we are experiencing there, we've heard of these 
geo-technic problems. Do lI understand you, Dr. Hardy, | 
that if you were convinced that either an unchilled 
pipeline or an overhead crossing had major advantage, 


that this recommendation would then in the normal 





course go through the Arctic Gas Pipeliners? 

WITNESS HARDY: I would 
consider it as my responsibility enare the recommen- 
dation to either one of the division leaders, such as 


Dr. Clark here, or to Mr. Dau, and I have discussed 





overhead crossings with Mr. Dau. 
Q- But as I understand the 
evidence now, is that you're not -- while you're 


examining the question of how deep and how wide and 
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where you're going to dump the stuff, you're not 
examining the question of overhead crossings at these 
locations. 

A I know in generalities 
that that's not a viable or it's not an attractive 
substitution for the proposals that you're looking | 


at, inny judgment. 


with it because Dr. Hollingshead used it as his 


Q Do you know the situa- 
tinn, the sub-surface situation at -- r don't want | 
to deal with this particular example, it was -- I ee 

| 


example yesterday, I felt it fair to. referito ae 
even though it's been abandoned - 

WITNESS HOLLINGSHEAD: If I 
may add a couple of words, I would suspect that you 
may get a better answer from the construction people 
a few weeks down the road,but it would seem to me that | 
-- and we certainly haven't looked at anything like | 
an overhead for the Willow Lake River but I would 
-- it would be my feeling that they're not even in : 
the same ball park, it's not even close. 

WITNESS CLARK: I think the 

we are confident 


point is/that that bank can be excavated, the pipeline) 


can be placed back in, the backfill an be placed and 





it will leave a stable bank and one that can be 
restored; so there's no indication that we should 
look for something else, that there's no problem to 
solve, other than executing it, and we're confident 
it can be done. 


0) I'm confident you could 
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excavate almost anything you wanted. I'm merely trying) 
to get at the question of whether there is an ongoing | 
evaluation to determine not whether you can do it, | 
but whether there's a major advantage other than 
economic to you doing it a different way. 

A Well, there would have | 
to be, to do it a different way there would hae to be 
an engineering or economic advantage that we haven't 
seen any impediment in what is there now. | 

Q So when we're talking in | 
terms of the policy adopted towards this pipeline, | 
youre Saying that if we can convince you and we | 
can convince Dr. Hardy that there is an engineering 
Or economic advantage then you may look at an altern- 
ative. 

WITNESS HARDY: Well, I'm not 
Sure that we do understand the question too clearly, 
but you're suggesting that we should take every 


crossing and look at alternative procedures, and 





what I am trying to say, sir, is that we have looked 
at the question of overhead crossings in general, and 
myself in particular, you see, I have seen the Base 
in the past 20 years,go the very opposite from the 

way that you're suggesting, that is it's switched over 
and people are putting in submarine crossings at 


locations that 20 years ago we thought were almost 


| 
| 


physically impossible, let alone economically impossible. 





There have been certain troubles with overhead cross- 
ings -- minor ones, mind you, because none of them 


have fallen down -- but there are certain hazards with | 
| 


| 
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them that the pipeline operators, the maintenance 
people don't like too well, and this is part of the 
picture; and what I'm saying is that in discussing 
this in generalities, the policy I think was adopted 
by, at least in my own personal discussions with Mr. 
Dau, that we would stay away or that they would stay 
away, N.E.S. would stay away from overhead crossings 
unless there was some major reason that they should | 
be adopted -- it could be economic, it could be 
physical, it could be environmental, for that matter, 
Or socio-economic, any reason. We do not see and I 
don't see any reason whatsoever ,at this particular 


| 


crossing,that there should be any time spent on looking 


at an overhead crossing because of,in generalities 





we now the answer. It's not going to be acceptable. 

Q I gather though that ! 
this generalities that you refer to is a basis of | 
your experience that was communicated through to the 
pipeline consortium, and the decision made really 
before you did these various on-site studies at the 
various crossings; is that right? 

A Oh yes, my discussions 


on overhead crossings go back for some time and extend 





almost on an unofficial basis over a considerable per- 
iod of time. I was originally in the position that 

I thought there should be a general study, you see, 

of possible types of overhead crossings. You see, 
possible types of crossings where you used the 

pipe to bridge a shallow ravine or a narrow 


ravine, and that sort of thing, and these have been 
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looked at, at least that's my understanding. I haven't 
followed them up to the final conclusion to see why 
they werenot adopted, but they have been given 
consideration. 

Q You would agree -- and 
I want to address this to Dr. Hardy -- you would 
agree that there are certain situations where in fact 


you would be better off with overhead rrossings than 


subterrain crossing? 





A On this? Line? No, 21 don't 
agree. 
Q Well, in generalities. 
A Well, this becomes 
very -- you see, the trouble is, sir, that there's 
| 
no exact answer to these problems. The same as there | 


is no one precise exact answer to exactly where a | 
pipeline should be located, you see, and the location | 
evolves finally and the sort of thing that you're | 
talking about, you see, is the sort of thing that | 
people in the business you see, will sit around until | 
the small hours of the morning discussing, you see, 
and arguing on the relative merits of overhead 
crossings as compared to submarine crossings. I could 
produce people here that would agree with you 100% that 
all theese are wrong, they should have nothing but 


overhead crossings; but then they're structural 





designers too, they're not geotechnical people. | 


| 


Allethat, locan Say, is tha in 


my best judgment these people have gone the right 
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the way the operating people under the circumstances 
most dosely analagous to what we're going to have 
on this line, the way they have been going in their 
experience over the past 20 years. 

Q if thank 1 WOW nrhieed ethia | 
the situation, but can I have the same sort of con- 
Siderations discussed with respect to the chilled 
line, because here you're not following the existing 
generalities but you've in fact launched off on your | 
own. 

A The chilled line, of 
course, came Pp very early in the discussions of 
natural gas lines, you see, and in the original dis- 
cussions the thing was «hat many people, including 
quite competent experts in the field, thought that 
going to a chilled line solved all the problems that 
they had visualized for the hot oil line. There was 
no problem left, you see, but it took’ only a very 


few hours of discussion to show that this was not so 





and that the ramifications of these things,on a project 
of this size, yau see, are such that, well it's | 
like having aleaky pail, you plug up one hole and | 
you say,we will yet rid of that hole by using a cold | 
line," but you'll find that another hole opens up | 
somewhere else, and so it's not a simple decisixn to : 
say that by using the chilled line,that that solves | 
all your problems, you haven't got any problems left, 


and all sorts of new problems come up. | 


Now the basic problem of the 
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geotechnical problem, looking at the geotechnical 
aspects of the problem are pretty simple, it is very 
attractive. There is a problem exactly where you, Cut 
it off; but then the cut-off point is only Partially 
a geotechnical problem. Now the other thing,I'm not 
prepared to get into that, perhaps Mr. Williams could, 
there are other people in the N.E.S. organization, 

the CAGSL organization that could discuss that in 
detail; but I don't care, you see, as a geotechnical 
expert on this thing,whether they cut the chilled line 
off at Fort Simpson or whether it's north of there 
hundred 


or south of there by several/miles, we can accommodate 


it geotechnically. 


Q My consideration on this | 


point, of course, is that I am just impressed at the 
variety of problems, the number of holes in the pail, 
Dr. Hardy, the variety of terrain, the variety of 
problems, the variety of river crossings, and yet 

the one answer to everything is the chilled frozen 
pipeline. Now that's what troubles me, and that's what 
I would think that as a geotechnical advisor you would 


perhas be able to explain. 
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A ina csi a past 
decision that has to be made and was made.very early 
in the discussions. We will go to a Gitiled line 


But then there are many,the details of 


that, you see, require a great deal of study. Only 


one of the aspects is concerned with the geotechnical 


Situation. 


Q Now, you said that the | 
major factora would have to determine any change, for 


example of going overhead or going above ground across 





an area or not chilling in an area and I would 

understand that if I could give you a major environ- 
mental reason for doing so, that would be a legitimate 
consideration in the type of advice that you are 


involved in? 


A I would say this, 
sir, that we could build an overhead crossing, you 
see. It can be built. 

Q You are not studying 
the possibility right now, but if I could convince 
you that you should , you might be prepared to do 
Lic. 

A We could build it, yes: 

Q You could probably build 
some very good lines with some overheads and some 


undergrounds and so on --? 


A What I am telling you, 


sir, is there just is no reason that I am aware of 


that would justify me, for example, making recommen- 





dation to N.E.S. and CAGSL that they should start 
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BURNABY 2, B.C. 


Slusarchuk, MOrgenstern, Cooper 
Hardy:, Williams 
Cross-Exam by Anthony 
looking at overhead crossings. That is up until right 
now. 

Q Perhaps over the next 
weeks and months we may be able to give you’ some 
reasons. That is all the questions that I have. 

MR. SCOTT: Mr. Commissioner, 
at, 1s,one o'clock. 

THE COMMISSIONER: Yes, 
well then, we will adjourn until 9 o'clock tomorrow 
morning. 


(PROCEEDINGS ADJOURNED TO MARCH 21, 1975.) 
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